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j x j «. £ -* '5 " ** 

^xA^j j^iii *LlJu^l! m^jji y y ^ h Lo P4? JffiM ^ 1 ft 1 ^ 

- ► 0 i x ,. * 

LaVj! <(j 1 " ^-q jJl^^uJ! I j_A (Ji-o <_>^V ! tixjl jJLl SSLxJI LfJ 

(j^jLIa II (j-° g-1 a!t. ^ |] n l-> * ^ j 1 ^>j\c .empirical ^±j^y. JI 

JlSLliWI ji > l ^—ljjLjJI q ^x 3 * >■ naturalists ^ a a^laJl ■ >_ a . 1 a ll_> 

4_^.^_oJI <d!Jj J a \ .(£ J-aJI 6J ' U ^ 3 ‘ ""p *\J > i U 1 1 4 -l-^.jLAJI 

'••!-' ** I w \ £ 

(j-a j-iJL <xa 1c. Lj^ax. I aj -xiit j*U 1 ftj*tc. II (jj-flJI 4 -a jLjJI 

.SlxaJI ^ i.in vl <c.L_i^J 4 1 ->.l-i mil ^.alkali l fl i-a^- 

F^-® (j-* ofljjU-aJl 6fjL® <.*4j5 u! 

.(jJllll J . — all y j_o .j. a <Lls> c-^-ii {jl d lt - 1 LoJ I * a J a l_}jiS, 


0 _P 

-ljt.7i-t.LJ 


La^j <4 ,t-v !l frLi-JjVI 4 % ) >lr» 4 i^il-.JI j*Jhjl_>l al-aAfl II jjlj jjJl 4 4 u ji^LlJ >^-l 

f-Z-jJ LaLaj 4jJLLi, C*jL^ jia 1 4jj £j ■■■-». {jL. 6 jjLmsJI |X^jIjI -. U« » JUJI Jjti 




430-490 Empedocles al (jLs <Jl.i all J n m 8 . 1 ^ z * > jL=w 

fjA 4 m4> <_SCS aLfl a -Jl <OJjI ^ n ^yn j \ t Ci£_$ 4jJk^J}fl ( _ f Jtjl <_£.iJI (•f k, 3 
,3-* oisij) i -k. ii ^ji oLiy 4_tji£^jji lis) ij^^- 

<4_ipo_^a_lJIj <J_iaJI J^at^S <4 fl l~»-k « l _j_JLttiLi Cmj J.5 aljj^l (^j-o <loLi. 4c j a a 

4i_^JLaJI Cilfc j) a -v a II la j^-ui-n ^JIaJI ^ . (jl jJJjjj Ij ijj^j^iJI jj ^dS_cIaJlj 

_p $ * 

(jt (j *^ aj V 4j1 ^1 I ' fl a <iiLa_uJI Jjjj L$J j i a-% j fS^LLs jjjLlk VjJ 

jj4c i >jU»Ti Cij^l 4 « v U-i II (jl \ /i II .<lu a oLfc j n~\ -n V| G-~vj 

o ^ *> 

liLLi ji~i ^_1 (plj *i » ~i j! jt <oVI ^-4i) c.»_ > l ^ t'v I ol -^- j a.-v -a 

. cSLoj <Sl ii.-vll a . . i j ~ II oli jU. Jl 
< < l..i. c i »^-a. oljl i~i£.I JLi.jLi /<j 1 "* (j-S-fi *Lj1>3 Jjlj til (_yjSSi C>j_>^i-> c3_j 

dlj_i_L^jJ (_^^-l <Compte de Buffon jj ca-ij^ J \ j o dUjj 

o! A ~. 4 j ^ oLl^LS j! t^aJI <George-Louis Leclerc (1788-1707) 

species jj^l jj-c. (jVt 1 A m,J pi XAAJ ^yd Ijj-Lc. 

(J-oJlJI lii .oLjjJ^iJI aj-A jj-0 5G.cti.lj a j lU II cl fc J « -v n II JJjC. 4 I -t n II 

Histoire naturelle, (j«oLS-Jlj ^LxJ) ^ * i-JoJI ^ ^ -^-» II 

y <J uLi- H749 jtLt jjo U. II t (jj ^jJI^ generale et particuliere 

^ ^ ^ * S' 

4ji_ixiS ^ <1 ^.G'sl 4~i mil CilcLi-aJI (j-aj .IjLLi-a ( jj_uAAa. 

e J> t ^ 

■ ° I jj " j Jjl ~ « a. 1J ^ <Glij J a i Cjj <jjLa_ij <JjjL*_oJJ 4 , u >, o Lg 

■ dl^u^lj 

jJS 4-aji S4^^. al will 1 a ia^. (_j4)l <CjLSj) 1^ all bS& Ctil (jj| (jus 

S j i'll C. i, iLti~'*s) J Lojjj t G J -n in (1 ^ j - fl JjLa 

aUo^lj jr(-a4[ 4J (jlS (_^ill <(jjxjJLla^il-i (j)_j IjLA jl 'i-Jj •v 

OCA.J I 4 S! j! < jt j *i 1) ^0 CiGIj i -t.il (jl (_j^i_>Sjl <SjL»JI La^ i4^.jG 

4jjJ -\ a 4 » jij U , . . jt 7 1 . JjS-A t lS c3j .(jj j<-l!I <LLaG I iM 8 l~ 

jjjs a. ~ ■’■ ' (^4-11 - maniot oj ^ . i *iLa Si a m a 31 a . ~ . , -V 1 4 1 1 t II /jl LajULo 

* ' * 0 S 

!^j^t.1j (^j-ll Milomaki ^ *sl I > a II jLoj (j—* cG i > _ jJLa aLij 



i AS jj-t* n II iojill »*■* jl (<jl iti n >1 a~f I 1 ' 'j j ° ' I K . ' j A ^jJj a J ■ 

(jl (t iionl (jLuLi ‘(jj '. 1 *■■' j*- 4 J .<jl "mil jj-a SjjJlj t< i'i if. QJ-K> II J 

• <LiLa Uj^aUJl j jlej (j-a 0.4.1 Jt-axsJI 

i oLi jJLk_aJI I 4 -J x -T jj iLjj-iLLi a L . .., . LjLua jl o^jJi lSj-^ <jL>jl 4 _a_>j 
ijjs jjl I J J <1 . . . > ‘iQl p.|_i| -fc 4jf J_u .<J| d-AjjJLuoJ La j 1 l*S 

H S 

J->Vjl^ ( jj, ' 1 ■ tijl jvj . j jvjjJLlI jjj La i_jj < ^> ll 

^>^.1 (1805-1743) William Paley ^LJj jjkj (Archdeacon of Carlisle 

1 802 ^.Lt a_> <~I .1 (_£ jjl I_)l II u-S oU jiA ,a II (J-juaf JAa. 4j| a_i_S dLA V La_o <j| 
Natural Theology, or evidence for the existence and attributes J j i_»_j 
a j a j jjl ^jJI j <of the deity collected from the appearances of nature 
I A * « * > jl i,|j tic t_Lu ■ 1 -v j j ai a , II ^uLujI ^jJx. 4_ojUJ1 a^)jL^ — 4JI a * 

S** '■* 

j-A <Q Le t. i.it 1. 1 £-jLi-sa J *■ ' "* V 4j>| ^^-11 J fJ-La-oJI 

* $ * * ^ * 

|j-» <U v uj \ <jl t— x^k-i <4jLjjJaJI CjIj_l5jG Jj-o ft j 

Anaximander of Miletus L> Jo^ ^ jj^Luuu^U ^ .IfSlLj ^ 

La L\ i.iti ^x_<J M Q AAi 1.4J1 djLol (j ml 545“610 

^ Q a a II 4 "s. A \j i ^j-a Pj a_i±aG m c i j l a, \ t r a a \ a II 

(pi > ,7, VI J 1 1 » 1 1 Anaximene jm ki^GI j Thales (^yujJLL a..,,. (^jJI 

(J-1J Lfla Lj' ^)l _ 4 Ic i -ww 

(_LaGJi V ‘ ^ a » o — II ^ 0 a II aLaJj a^U Jjl jLi (^ Lx II I \ II f. La^ j 

J, i, \ -w~i ■■ a II -v II a JJl ^ LT^’ <data (cjLjtxJI) oi J-»j (Jl ^ < a-%1 ,^^-11 >->.11 

jl (biosphere i~».ll I- ^ll (jj^j <4 t-x.ll .-■! 'AK H Jol g 1 ^ , a .*. .>-~j 

.a jbVI a^-ili-aJlj J.t^ru II <J Q a i U\ jj5 V 1 *1,4^1 J iJ^Vl 

j 1 Si r. ^1 aH -y\ JLiJI ^_A L < CjL5^LslJ) Sd^Lfl p-1 t\ hi^I 

6^)L?k-> O 4 41 <I>Lj l dft, \\ r. lllf. ^)-oLdl K k A (0 Jj 1 ^ fl. t 1 vfLt lAfllX I 

Ij Jjj-fljJLj ciUJj! ^ "k Q > <La.^LoJI 

#* 

J-L-o <<lL> i ui ) p-Lo-ujI < 1 1 a ILc. a ji*> ^ 4 \"v-ll Cjl jjl $ II 




^ l a 1 ^ji Lapland jpl->LS v s itiV\ > 1 -cv I j n LoL&_> <<-oj^Lo ^xc *■_ *~i5Cj < > 

jL-fl ^J-O Ca a <i tf\ LxoJLc. CxlxS q! \ A m*i II ^A-lo .\ ^ »l <Lo_»^Lo 

cJ Jn> xaJI <(1778-1707) Carl von Linne ( ^i Jjl£ o Lilt fJlc 

#s * S ' 

j^u^jLxxI jj-j-u jij .Linnaeus ^u^jLjjJ Li\ nV *?< ^ Ur.i ^iUI 4 <\ mL> LijjJ 

Jl jxi <1735 ^Lc jj A. i.a,II <Systema naturae <uLl£ ^ GLa ^ 

Species planetarum 4 jLi£ ^ U^c. SjjXL. olsLllJ pi 1 A -liui II 

<(1-1 <o j <^ * 11 £-*j 4JI J-uJ_i xAJI (_yJJjLljJ jkjJ jjjj .1753 flc jjLoJI 

^ * 

J-aiX-J £_uj^jJI ljXt £jL*y a Lol <S Jjj-ll /y> Lu^jj 4^ I n a II J-a. itxs a. 

fl *> 

(Class ‘ a II j (phylum j ■ « Au ]l 1 tX t a l.^J 5 » .LLaAi ^lc. 

dLlj j_t_cj ( genus u .. t I I j (family < l _- l*. » 31 j (Order 

*'^‘| 4 I » . ia a II JlLo (l^-oX-il CjLq-Jo <jl^La.lj -LJaX-aJI Ij-A J-Juuajii 

(j-aXi djO j .superfamily jj_L , r i II Jj_sj (Subfamily (jJ j II 
Homo J_aL*JI 1 1 1 "t V I £ J}_a LXiL Ltd ( I i a <1 ^ 4 'i ia« 

ii_i_u<a_L!l (jJ (Hominidae 4 L i I I (Homo jnt.-^JI j_a sapiens 

(> (Catarrhini infraorder <as _>JI o^.~ superfamily Hominoidea 

(Primates c A order lp_, ^ Anthropoidea all .,.^11 suborder 


Jl class 


J .Eutheria 


subclas 


j ja ^jJI detrapoda ^ ... ^ U superclass ^Lu=JI ^ (Mammalia 
4 .'..«-,t, Jl ^ ,Vertebrata si l..... a .JI subphylum > All) 4 ».j All o-aJi j-a 

domain J a ^ I I ^ (Animalia Si a ....nJI kingdom 4 <1 1 a a II ^ (Chordata 

<i (->- II qI.aK II 4jj^lol_^xal (Eukarya ^ « < 1 ■ a II 

(j-u LJdjj 4j| Linnaean ^ v >->l .> > I II ^.1 U t II i_ uj r . 4_oJi 

* 

<^LUI Ij_a^ <Lg_xxj oLS^LaJI 1 — ^ U. cjLj_iLuj_iJI 

i » 0 

._>a ^ ( i tc.j) (p> 1*1 <i— «o IJ <LLlsJI qUjjxJI dJj ^j-ll t , .ft-iAl .< a .a la II 

UU. jSLuJI JaAjJI ^1 \ uoJbl (_^L» ^ .luIxa V <1 d o k\ Si 

^yjLxS 4_ijlj^_i 4 ^ K klados x » cladistics ol-jj^l^JI j-a (...a. it ^..Lc 




oL^KJI 


1 — 

Archaea 

Bacteria 

=1 

Eukarya 

Fungi 

Plantea 

Animalia 

\_ 

Molluska 

chrodata 

\__ 

Vertebrata 

_J 

VJ 

Reptilia 

Mammalia 

\__ 

Carnivora 

Primates 


Hylobatidae Pongidae Homonidae 

Homo 

I I— I 

Ergaster Habilis Sapiens 


‘ 4*CI A A 1 1 

I4it itl II 
) <u* nil! ~ “ 
iu^JI 

i d 1 1 iaoI I 
?M*1 L~^J1 


* * * - - 

<4 > t ip < 4*\ 1 n /> j j ranks < i_> l^-o 4 _ljL &_> LluLluI Lj^^-o ^ * I > 1 1 1 1 . a > \ ■ 1 1 - l ^J ^Lu lII 

* * 

dJJj i S *> a j .^_jLoj^)Jl (Jai-l^JI * 1 !■*>*» N » 1 fl 4 x iii~ 4-A_>j_ia_i 4 flin k ^ ( L)‘ 1 1 ^ f 4 I > i«n ft (4 <i & n a 

in j 1 *» a Vila ( J^_*lJ1 /j >1 1 f 4 l-^.l.\'i aII i ul^-aJl J_)-a lj 6^^ »i Q * <CaS^J1 

jjaJLo ^ a i \ ■ --- i au. o .In t \V '*’>-* j ^ i AajJJI ^ Ua x ll £-o iti-tll (k •% m*U : &J& 6^) **J1 

Jikjj .kJj^lo 4 t < ti > 4 ^ln coJl (jLfl i jj i _&->*> idV> ^ya 4j_*ajL1J1 CiLlaIa^jJI Qi~i1J ^ j ••< 

£_o^ dULa^o ■ j“ a-*. 4 4 1 1 j X a**. 11 JiAti <^CLo f^aJI-JLfl :l_i_j^JLl ^_fl J.^ II l^_i_ua ifl i\ .^-v“i II 

.(<^J! dlLi 6 1 j)*t ~a. a LjjjUI 


£ «*» ^ 4 

-J. \ IJ . *l j~ ,7. ^ . a I ... /j_a <L v^JI ujLdKJI jj -v ~l (_j^ 1 .~w.i.~t. i j <(l j itiLj I 

^.jJs jJjj .(2-1 *s it. II) 5li.-w.ll ij. i a. dJ (dades _j 1 . d a I ~ ^11 j^ijl 

(1976-1913) Willi Hennig ."l^-a ^LJVI w-L^^JI £JU olli^KII 
jwlt jjL^Jl Phylogenetic systematics ^I^1 *j ^ Jj-un-dilL. L^wj-i j 


ciUMjJI 


iSJ-iJ 


.1966 






6 Zjcljjj j*tf. 6^*^ itill <cladistic ^-a .2~1 < t < I ) 

^ j" -■ a <^lL<*uo tsynapomorphies *- ^ j *VL 1 I jjj J^i-» <L^.^LL_ualj 

i « 

• ill^j-tita ■ ■ »« /^o 4j Luu homolOQy 

(ji jLujj < _fJx. j_aj ^.s 4 jSj_> ' d * .* " t - ~ <— ' •> j <u^JI cil i fit 5> II jl j -genealogical 

=< „ 

jj jJI j^ jjJLa-ll jj-ijlalll j^-Plj i a 1 1 U^LL j . dlj~i.cn -i i^fll iii j-° l-Ajia-i 

* o * 

jp -flavour «^UI » j spin H|k-)jdlJI» Jjuo dll ■- K ^ jl UK-^-n 1 (jjajju 

- J_oLl1j jjLjj V jv. 1I jl ^ . . <_i_iLjj_i .*■! -*. 1 1~ i *> i<i‘i II ,*- Lr. .*lj > . a 

I d a.4uU\> ^pJI Sjl*-JI ci l a r..i l ^ j) symplesiomorphies J!u ol t> Ik -<a« 
fl&j '( **’ ^ H 3£ ijlAJI jjkliLJI) synapomorphies j <(daJ j j jU - j^ J& 
{J -i J» ~ m’m Ljjl dUj <<1 >AjJI 4juUI is j-A 77 LI -»■ ~i jj -jJaJI j - s- n -> I j Mj^. 

I (] 1 J*S 1 1.1^, Sdj 4-a J -LiiiaJLo J -LijJa djLj«lVl£JI jl J_i_s . j jjl V V.U1 ^Uajj! ..Jj. j’i 



J 1 ~>^JI (juLioiVI ( _ S -A J <4 I ~l II JjLijL^JI i_i <n i 4 I m I m 4 "i m j-a 

■ (jAl 'll <i_an i <n"' 1 1 

*4 * 

n-£.yij 4 jii aLi-cJI 4 ia 1 ' j ■ . i~ . . < 4. Dug 2 K i m /■, V La. t_sjl_uaj lAAli <<JJj £-oj 

s 

< j \*i^ \ 4-cu SSP6CI6S ^ ^llL 1 a n. ^yjj> > IjLoS a &.>*' ^ In i II ^ 

4.1 Lax. 4 .la A I J jLa. t' Ij ll-i II t JA * fl-ijjui Jjja. jjJj <a j-A LaoLjI ^ ^ ~ -- 

sJ-JjA^I J-ooal jj-S 4 -l-tl.jjLiJI CjLou-sLIoJ- 1 ja j 4 n I t lift LaJ ,_^£U <4 Ij I i 

(j-a ri a .a-- II j .JjjVI jl i^nln-L 4aJ| ( J^lajJI 4 -vl -l > l La 

«£^J)> ->r 1U ,v~s A jl r 1 ^ <<J | J. A ilx. JjA A ^ J <JL^Jl_tXlLj Jj^JI 

. L^JlA a j, i ^ "v \ ^j^La ^_iC * ^_ic <Lajl io *-■ j ( l *aa1x. 

i iU 

s j^j <g! jjb <typotogical taxonomists ^iJI , i/u^ll 

<j£. 4-LLLL a _ l»'i.K* j*\o i 4..l:v ^Jj-Sjj-o a j > a a oLo-lu i* 1 l~i o"i <(_£l _ jJ-lj jjAiJI 

e* 

LujJLA Aj.*C a II plato t jj-La^Lsl (_£jJ (jl£l J .4 j — l II CjI lull’s II (j-° (S Sj-o j 

J-A j -y < ^ I f I Jlo jvA j <«(Jjil^JI J<^ll-' <eidOS 4-a^ 4 a Jjjjl LojA.fi. 

(jAa j .v.^l.'i j .4_i a l.IL^JI oLijliJLi i In a t J-oL^ j-lc. j -l \ <(J*i q~> » a iJLl 

JjoAj-Lo-aJI l og xLa-m)) 4 In < ul fjja jjJ-ll a ■«-»,* II 3 JJ - X ^ c#-® ^-“ J>» <4all 

(j-o (^) i a l~ ~k n ^)JlC.jA Lo ft J i~ at *i -L~l j (( LoJ> J->. \--l ~ jj^-o -1 JjllLIJI '~ ' 7-J) I J °JJ A II 

„ 4 *_ 

4 1 ■ ■ .1 . , ■ V 1 »4 IJ |L II" <Lo_UJ J t * n. ~ 4_1J)J.-I<n 4 <1 n. I N' LAAl 0 VJ - J J « In I I 

IA A^aj 4j| ^lj (Ciilll «4aALij)) f^yC. 4 a l~' L o 4 a m II aj-A J 4 j j_j j < t j-L8j) I -L aJI 

— - _S i _ 

. (( 4-ijjj^l jtill)) ^_ya (( 4jjj jJI )) 4 a <n j > i o~i 

IS* 

biological spocias a-o j-a Ij i a»~ ^>551 ■ »ij«' 4j»j 

L j. I (LlLJj jJI jAIA 4 \ n. II .j 2 .ll ISt *s II A)_o a j_o j 4AL f jjJI 4_xa l_Sjj«_j COnCOpt 
J-A LjM J-i=>-i-!l i-iijj .^jokVI j-ajJI Lai . . .I ‘>~> 4jjJ-»_0 

>_a j^n~i > o jjojAj^-xo 4_i_iii_i I j-A j <j£ jj9 jj-LluLAA JoLioiA CjI j 4jj 3> *t o a j-i jaa. 
jl a l"i n. o jltjj jjj-a_iUIj (^jjjJI jja n->« II (jl l_Ljjl1II I ja ^ «n~> a > j ■ a . .^11 




(jl <Lxl Mil 11 .11 .JLLJ *t \ V I A j VS I ^jS ^LlA^LJ Lo^-jV 

J-S d % -v H oLM<.ll ^)-Oj ^Lfl <J!JLaJI ^J-L-L-UJ ^_Lc._j .6 ^-LJl 5^ d 0 I *i A. ^ J$| jL^ L-ixoa 

5 * 

jKiVI jtJjlj lia. jJjwJI <— >1 ' <<|| Jta.1 lii J _ Ltsl^Lak <Llj*ia (jjSj 

1 ^ > _>-cjJI ' i ~' S&j .4 \ 1 1 1 1I Jjx 4-llli_a CiLiji ^j-S J ..il *i j~t I4J j] _ A_ijj|i-i~Jl 

fi * 

(jl LijLiJ_lS J i~>~'-..i j II Jjx iA~w.~i jl (^ 4 -ilia. j_lC. (JjsVI 1 101 1 

&l a. " I *1 ' -vl jj.* mi 6 j-i Ci» 1 ' La^-a .mia. II JLa<ajVLi j/iJ-u I (j ui » » li^ti i 

•tf>VI 


‘ JUI J^l J*. ■ao.il JL 4.-1— .A_^o <jlj;jJI 4_J (j J Jjjjjj lj£ Ijlj 

Jj " ■ *•■ 1 1 <pl *■ > -1 II ^jja ' ■-*■! pool 1 1 n 1 . a Jjuo-i J^ (ji J^ill I ' '*\ -f. t4 

fi 

Cll * 1 a II a ' " A I I a II e, j_A ^ n.m~ _ UjL-kfcl JT jl j~ * a a 1 a II ^_a ~. l \ ' I I 

Lc-ljjl Ji-o3 Cj l I I ol » a -s a ^1 V 1 <3 i£J _ gene flow 

<La Jo. ^jJI 4 4 il U~l-a jiG Li j i «- il Lf. ^ Lfi^> Jjl La £\>j (j-a pi l_l-^ II Jjj jj jfijp j 

C= 

pljJLA. (Jli ^)-o 6d a*i* a 11 j i J * a II £--0 ^-uil a f- J) 0 fl a 4jLi IjJ 

.^-lu jlJI i 

o^l 5Litt-A.il J)l Sjjb^JJ lii-^ Ij-JLa j 1 ^ 1 —°-! 

. 2*^1^1111 V d > -w II ol II jAa \ is~^ ^-Ix. j/uii d a 1 a*VaJ1 

^ -j ^ 

<Loj J (Ltljjl L^i-uajj I ^ I (QJ ilUj j ‘ Lij._i~i < \._l!I ^ - a^a . ^jl^Li V (iULaJ 

ill multicellular Lj!>LLJI Sjj.«JLa ita. oLLiLS Lf lc <il^>VI <>. jdl 
(dJj ^ ‘ _> 4 Aj «( Taraxacum ocinale a^^JI aLii^JI Jlo) asexually Id ..it^V 

(LiLad (jjjjLali-a (jjjjjca «^jj» 4 a Kl (jl < .K ni n II aii .L il j <- >! It jj 

4 1 1 ,,.l ~i~ I I 4J^JL jj-LatH 1 (LLjl 4_JI I-. j_.LI ^ ill j i t j..>.t'i,*-a.H j) > ' * ' -v 1 

JoLSill (_gi~>.l VI Q JJa (<t -a. l l (jl j-i ^jliJI ^IH I I j .^a. 

i a u i(->tl 4 _ijJb j ^ '1 1 jJl jJt j i£.i j] .!/->" II ^ j^jJl aitLs ^ lc. 4jjlflll 

r" ^IjLJI jjJx. Sjjli ,-.i < Ijl I Af. jUi'ill ^Jn a 1 4 . -v II Cil V.I *S II ^j-a 

X J ^ 

(j- 4 j taxon jLjjj \ k*»i j j ■%. a j_a ^jiJI jjl .V ^1 ^j -^ 1 4 -ia -.1 p >l L 

4-alt 4-ij'i «-il (j! 4lil .li 1 1 4JViU «^jj» 4 oK JL A3t" Mil ^jl .UUi 1 1 6 d^J 




U'^Lim v ,.iV> jl -v /^palaeontology j_.iU.VI jJr. ^ 

^j| fL ^11 <La^^1xj ^ya 4_S_llLk_a 4 q 1~ /n *Lo-uj| 6j^J^ liD63Q6 

<jLfl Lv^-Aj j-ia-lJI ^_fl jLxaJI p fl 1 j»J > fl l a I I Lap-1 iAc.1 

* * “ ~ (**) 

'. Joufl IjL-Q 1 * a\ I jaJj ,H. sapiens J3l*JI jUiVI ^1 jjU v ’ Homo erectus 

.chronospecies j-aljiiaJI £^ill LjUJ ig- CLjuL> U Ua^$ 

<£\jjJI 4.1 l. \ I Jjjl^la jU_il 6 »A^-> I — al_jILc.*^l Uia . jil 

s * ^ 

J-tx "■ u 'f j| . ^-■\ j ' j * ' H j> j fi-o £_o liU^-l |_UjU~~t CjlijjJli ..L% ‘i I ftjif.j 

<ph@n@tically i . n< «a 4 ia> 11 cjUlLLil >_a i\iaj ^ jjliljJaJI ^j^. 1 jLi <JLl&JI 

<4ij_uo 4 iC. jfr. is~, J _0 CiL.nl I a 1 LLaj Sj-ojJI 4 _l^JI CiLiuLUl J-iiijj i~i > •'I. 

*> 

i (( <is±. * l~J\ d)> JjL5_o 1 jadl ^discrete 4 * Uq mil oLojLlSJI 1 ^ m ^ tly^^ 

j *7> ^JLJI t^jLxJl ^jl . « i ^ \ y] <J ^n_iJ)) jJ-jLS-a 0 J J x. 1 1 j 

4 j ~ \ \ i $ ^jA dst i n q oUl .5 J J i.\ i r,l <_> \ cjVL^jj <£**& y >n Hj >. ^ ^ ^^,11 

«# 

~ Vj <LoLoj <_ix. ^-o L^i < m idl 4JL^JaJI 5 ^-uq .phenetic 

U 4 -v ^ ji ^ II ^ ^ -U-a * 1 a. m 4_xiil j ^ 1 ^ i j\,s 4^1 ^_Lc 

•j^.1 ^-jljjJl _ (jVI Lua^ijjs OJ^ 1 4L5 _ jjjl^J (j^-a-aJI jjjs lj| 

^oj ( _j'l ^j_o ^ jJI ^Jx. 4.>! ^ ^11 Ijjb ^jjXi ^_)J1 Qj^l*N iii <n II 

j i<~ dllj ,*_« CxJ^ 1 a ‘Lxj >4j 4jLiUaILc jJ-u 1 »«»*»> ^ S ' J — ■ ajl 4-i^JI .-■! II 
^1 ( _ r oIjj L^-il (jx> ^.1*8 <lj.*\Aj .1 j lij L-i-i.s. J-cuLi~i.il ^ lx. SjjlS 

4-i lu j Jjjj lg If- JLj -SJ-il fliui 4xa.jJ_^jj 4_ia. Cilijl^ t^i i i 1 8 11 

D-pseudoobscura Lla (j^.a.l^-i-a jl 4, I 4 J Drosophila i^liJI 

t>ll <1.1 l. ax . Liicita l.a^ i i\ joj-ajJI j^-a, i V jl nKII jlj-A ,D. persimilis j 

* * $ * *> 

JjLfiJjj 1 nQ ~lLj rjLlicl^-iu V lil^ LaJ ji! <lj^.lj Lei ,1,1 1 8 Lc^i jljjii Ix^.'lLj 


jl 4aj|jgjfcJl joaI^V) frllj 4 all ,,.ll ‘La^.^J^a^JI dLi^JI JlSLuit ■ fc ■ ^ j ^_lc 

^ p. -w j,“ xi 1 1 ^ .L^JXaj ^nJI ipLUl 

j-uaaJI U i.aLj 5 jUfc. 6 jjlAL^.! Cti^J LuL^. lP-V 

jIaII) jILuJjJI 




ALL dL uTi j > il » a II (jSU <£^yj 4 a K 4 1 11 * LaJ cjLi->jj>-j dlljjk 

ls Aj_JI ^jjJI Jj ia< .£■ j_i^a_jJI ^.J_C tj-o J-jj-a (_£ C-iULj_> J j J I aj-A 1 j j Jl 
.jJjjJIj <WII <ujj3 ^111 jjJI waL ecological species concept 

<j ~k II Cil \ M *s II (j_a a j-a j <GL i_sjju < _$-Aj .L^-ic. ■% 'i~ ( _yj-!l jlIaA ^ I ^ 

4 a ^~l(j ij .CjLjj 1^-11 a JLA J ^ 2 k.jJ ‘Lijjj-u^JI |_p>! I jaJI I (J »fl ji I jjj a j -».j <tlii (Jit < 11 * 

£jj i _ s l£. <jjl£ a jjJb recognition species concept £^JI 

^ ** I 

£ j^j! ^ J) {Ui S U i*ij-oJI <lJL_>a1JI i.XA Cilj-i-a ^.LaJ - J "*«*>■ a 

i_SjAjJI (jli ‘CjVL^JI ^J-S (j -^ l. ^tl l SjjSJI ^I "' | "| m l l OJ (ja^. (j-* 4j| 

& * * 

^ a ~'~ V I " ' ‘ <■ .<i.k f- jZ I <Sla i (j| Ala»J Jjj .Sj jtil i a a I I II f. (j*\ a i 

Vj Ij-A ■ (j-vla" ->_a IM*S (j *aM mil Ifl rJjjl i—Sj-XJ 4 t.^k.11 CiltM^II (ja Sj-oj 

I a I 4 J-ual^jjj otjl J) ' ~>-ll^j ■ ~ .1 ~ 1 I I a '.j Q a II (jC. (jjfLj (jl v— ijJ LjJ I ^L~la_i 

<1 I i nl 1 ^ i X ~ V JjaljJaa jl <CjJ) II I (j i a i A (ja ‘JjjljJoJI (ja j tVC i I J ’i n 

CjLj J-a jj_l-S I (] * a ■ ■ ' ‘i (_j-jJI 4_ljI i a i *\ II jl^_&JI jj/-> ~t-4T^j jljLad 4 la - M il^a liJJjj 

< * j, 

^ . s <LoLa_i 4 ^ 'I Ju c t , «l * auV .LiL^l j iti i II 1 ^ I \ * s -jj! j .pheromones 

CjtijjAJ 4jV < io 4 4 ^J-aJI I j-A (j-®) .4 ' lj a-v."'.]! jx^jl j_iAjaJLuiaj 

.phylogenetic species concept £^iU ^ n^.ll ^jllllj iaS 

4_-C 1" ~v J\ j ^ V^.l C\ 1 flj,4.4< I 4 J 4 JutvJl CiLSKJI t^yCi clutAi 

jj-ix. al .Af I (j|-4 '‘ 4 » ~ II I ' (] ' l 4 — . — t — 1 g ,J_4^I u I c aj-3.1 j .Sjj a a 4 - a ,._u 

.aia.lj Sj-La-o 4 a jji t t V jJj ^li^JI I a^ - ^ - j jLLi £j \ 4 !"> ■ -> a 

•ae*U^' cr^- U 


^ .|,A| a II J^lntll ^jic. (JjJjJI . JJ U~>~ cJI jLaj OjiJ-laj ^l__jj^l (jl .*1 iti {jjb Lo 

(jjjj 4jjLiia_Lul 4 I 1 11 1 hi ‘fOSSilS (CililUt ii».all^ CiLij^.4..->. 'j I (Ja-iii ^4 

y, * * , ^ ' S 2 

(jjl ^JLA » V I a lUi-c l .at -<\.~> . (J-al *S J_ir. (J-rv n 1 II .(j_ajJI j_lX. (_j^_)^I (jjk.4 jj_a 
(_>isj^l-i 4_ol a~i 4 1 (jja ^>J^1 <jL t. Vj-4 a > Lai aTt 4 1 ajLc. ‘ . 4 a. ~ i a II - LJI-^- ‘ , 4jiJla 




(j-ajJLi ^ ^a»jJI (jji I Vi*C n i <SlxaJI dad ^-Lc. (jLi (£\ u^- ^l-*- 0 - j^AJI 

■f- ** 

^ j Al n II ^ lllj < <— il 1 ‘ia.iA Jj-o ^ 4. >.-i». J1 p-I i iti^l i_S^Liul yll ( Jj) e-lj^jJI ^Jl 

(jJx. Si i ~k II jljJLol ^^Jx. 1 $ l j I » ~> j ji A a l > VI Ci^l |> 1 f jjl 

jj U .palaeontology < ajjill ^ix luj ^jVI 

iJSLi Sjj-ua ^4 jj-i^-VI (2)1 (^_)j ijjjJoMiV I jJalll (jjj^jj aLadiil 

(jSfl Llil .plastica <~ ...M ■ li ^a a c] - *- 5 ^ >_ > ~ >, ‘ t *- ■ »-> (j-l^-*-° 

* ~ * M «. f ~ * -* & 

LujLujI 4_j 31) 4 \ ftl^r. i A (2)-o < i‘»J« ja frljjaJ {jja <j jfLja <jLaJl . .1 n II (jl 

fi 

j».j 1 ... IK II CjI ii.i jj LaAjI ^ (2)1 *> ^11 i~J_>a L-i-ljl-.Af.j i ■.! H<JI CjLfi-uj^S (2 )-o 

„ V „ 

jj ■>- ■ >*!! ‘i * *J ■ ■ ‘j II j . al VI . ^<£.jjxa j il u~i 

i^ajl Lol . j i a II (JJl_a 1 1 l-il a_ .A >1 j (2jjla_JI (2)>^ J^lA. Cd-ij^ i ^-3-11 

(J-Lt (_g^~i ~a ~i iSja.AJI (jl afcVI (2)-a ^rli m II OJLAJjI (jjJI c 4.J . )l 5^ aJI 

metamorphic il^JLaJl ^jA ^.11 ^ ^iLa-VI ^ *-> d=^j .iiJI 

,<aJIx Lj, » ,. A j CjIjI^O- J*i-> Lj-Lj-*J 3 <_£>a. jl Jjj^a (^ J 

J i i i (2)1^ aUl 2 jV <<jjdJu o*v i-t^al .. ■ II (JlLo i 4 i j Ar jI^jq j. taL^VI (_)A » i 

<1 ‘ aLuJI jljp Cj 1 * / i i^J t A l_4 J-La-l j d J^IJl ■" ilj -^v Q II ('£-11 

tjL*_iVI <Lij^Ui S (_j-4 (jAjVI j- 0 ^aJI j i.a! (2jI ^3 

(2>£L1 <t (j II ^ 1c. i_fllj ,^l iajLAi Lo UJIcj .«L,i 1 i/^^l J i.,aL-».^U (JaL ijr^J 

(jJl 1 ^ >-n ( 2 jj^~v?> (_yjJl jxj) t i aII *s II ol3 aragonite < ao^c. I ^ y l 4 » i «~ill 

i A * I I jl^aJI i ^3 V j lj_4 . calcite ■*** * ... Jl^3t~~^y ^ui * * a ^ . .. a| J£_,i 

,j o ^ 

^j-o ^ i ^j!u^j_ll £j\ ft i L>^ f < LS-j^_txJI 6 J (j i 

LJLC UM II 1 j 1 1^ I t CA±±1JJ^\ 0 4_i_J i^yd 4iJ>JI) 4 1 a "v 1 II 

^aJLj .Sjj) 0^>-Q-la ^JlJI 6 j ^ II 4-laj) 4 Lo 

^aIxJI xoj (^tUI ^ < nt ni l g-LiljJI liAxck. Sjji *^>ll CjLS jl^^vll 

^JUI ^_fi <Jaj) 4 ^ Jj ^jl^. (J^Lo f j CjL 5 j-j-^ a Q j in jij .amber 


daLJl 


•C^JJda 



V JJ-C- L$_l- 3 j-j 4_j! ‘i x o i <4 i -a, Lj_«S J_Sl O ~a ~i Sjj^a. j_tJI ( _^<ajVI 

j <4 <n il < 11 (5-o 6 JaJa. Jj la( *« * jJ ^ ~ II LI > « II -^a_a j 

lj-4 j i s\ \ o It yJiJjJI +■ ...al l . a I t > ^_jJ! 4 i ■a jL-JI 4alxoJI 4_fi_iJaJI 

4.aJ-i*'oll ^ya jj. «"" 4 ni >1 1 II J» a ~ magma Sjl p - Ji (j-o 4 % a~ j*. ^ . x <1 l~*c jj j 

.SjL$_naJI ^Lijjl 4_at-i‘i.n (j£. )j X ^(J-LluV) Jl 4 _uIj (ju.tni'i jdi <1 $ *>■» ^^jjl 

0-U-uj .J ^ a (j^-a I (Cjljli I () ,t n 1 1 1 I ft j .■ii 4.1 1 \-a « Uo (JJjLjJI |j_4 j i-m j-ajjj 

5 Li^_o jjjlS & j_A plat© tectonics 4 _ijj~i < C~i II j-lj_WI ol x I oc. jjl -L.i iAj^I S^ill 
Alfred Wegener j_>jJi ^jU^I ^.-a.j-1^ u-aJI 4 _a_>isl < j is.a ^J( « I 5L^i 
The origin of ■ - -I L . « II ^ jliIjLsJI < 3 .-, al \j t (1 930-1 880^ 

^pJI i960 jkU jio jJ «GU ^continents and oceans (1915) 

* * * * ^ ' s + $ 

j^)Ja-o J_LC jjj iiil^-aJLo J-LC . j 1 J I 1^1 L»j-a-6 LcLS (jVI ^~> ~a (j^^Lal Lo .Ii'l i i 
4_> jLSJI a j ’7' 0 II ^_s I ■ I -v n I -v I m . \l I .A il Ijjfc . . < ■.■ jjjj .(3-1 T j 7i J 1 j (j>ajVI 
j* jj-s 4_xjI^jJI j j| ' '>->11 <~i~i ^Jl JUaJI Jjjit o-° *jL»1 jjjj-ol 

7*1 A A II £y> <4.l.i A jVI ftj.oiail (_J-S Ja . a'i i l j Jj W i ( j I I I j_4l J-t - / i ij 

ljj& (jl^-a ‘ *■ 4 J~i LoJ.iC. 1 4-La.^Jja aJI Cjl 4 lU 1 1 Ja^lJLa.VI JjVLa*. jAaj .Z.i.\ -w i /j! 

JlAjj Sjjija .1 ( 5 jJ ^ Sjji ^.1 < JLL& >a-fj 

0 > f. « 

6J-A i ol 1 ajLc. I * ^ .L^u .~.J ' ^ ~ J I tl . t~ 5 tod Lo (jl ^ o (5~o 4 a o 

■ 3 o I (j *1 'Tij .-.t a . U II .^i 3 i .1 “ a d U ■ . .' ^_j aI U. II <_,jL*JI J i r. Jjlj^a.^1 

jliVI ^-o aJ-a-j-oJI 4-ijj)’i < a~i II (iljja.^1 S^jja (_>i/jjj Lojjjus <4_fl_JLaJI (_J-Sj -Cxa>_3Lijl 
oljJLa^aJI OJ-ijolj i4jJ-i_La. ■ 'Q~- -.1 U .-v /> H (2>J o-wi LojJtCj <(jn Sfi 1 1 4. 4. jjjt Jl 

oLaJI ( 5 ~o aLjj) mTvj 4_ij_o Cil.> j_6 oaLl^. 1 j»Ji <i--fi-LaJlj jkLoVI (jJI glaciers 

(51 (_A-AJuoJI (5-oJ < J-d-a. II J_a.l_^j I 6 J i f. dil-L i ^.a. 11 (^A-° “A- 0 ~ilc.LaSjl <t-ijljJI 
1.1.60 (J6SJ^I _ 4-6 o JI a JI . 11 jljl J»~l < J jjj i-t mil I \ I <A|I 6 1 (J-a m I Ja-jj 

(5a-oj .SL.JI L>Li-i _ 4-taJI .*■! ~i c il^ II J i A 4-iaJI CjLIjI^JIj <4 ta-H *■! > M *\ I I 

.^JL*JI laA (_ji Jaoaj (5-i“ djkjlia-o 







laCJI J^B j-u»JlJ1 






^a.llL<J| (jpj 1 •*•' * ^ II j iy ~ > * It tall j x*u 11 


|jl LK <Lilla <0 Ld-Uj ■t'V u ft.ll <_S ^JLJI Lj_t^ia-J (jl .3“1 ( J 1 ^ < t l I I 

( LjljLo q U iii II ^j<Lj <^jji\-mJ 1 (^Lia !jij .JjjUI (^J-oJI (jJt. LfjJl 

* 

^ ^ oLfll m ft ^ Ig. oufllj jLlXo j q" ■ ■■" SijLaJI |jUL»ji1 5 ^fLll ^_Lc <us[L 

4-0 J 4/Vl A II 4 *> i i I I t II <*k >iAaJI ^ -wj j L V~ H U U a II |jjh 4 1 till in iS^-J 

.(9-1 J£AJI ^iajl i JdIq-^-aJI SjjljJI j^-uqaJI aj-4 (j-° oLqj^Ji n II (j-a Jjj-aJI <ijJL-oJ^ 

.<JLJI Uil.iLj LSljli Ll*D1 l«J jLLUl LkJI JK^VI 



<Cj,J-oJI h^k 11 u o j.o t ( j-LU ' *- j IjU .(j_uj (j- 0 lj ^ J I *>*‘^ I 

a j a » j *} <Cjj-oJI ^1 <_i J-3 jj-— =>L1j.1j <jjI£ J^kj (jl tl^ 0 -* 

c -j-^= 1 (j-Jt idlj (j-o J-®J £-«j (3-o <1 jI3 


(j-o jl -kSU (J-^k ill ^JiC.1 > dlt/u^ .(_j^jVI U iii (J^IjJI (J.irf-J *1 1 uj I a, ' *i C. (jii.a., igjl 




e.(JLi j-i.alA.VI (Jjalj .<1 a-lo aLlji Ci i»l r <Aali*JI Lfl. Kl . 1 A £-a 0 L 1 jlisV 

jjjJI . ~ .1 aj I A. * II j < olnf. 1 * I 4 J jn ' I .jjl d » — H .-.I *.M< II ^_A 1 -y ja-'i ^.ic. 
J^ljJLs jl-iC.U jasUVI ji-i» 1 iiiajj . JJ) lU II Jj_o ^jVL L^jjLuaJ Jfl ml 

^.a m~i <Ll1aJI 5 J_LAJ (ol u ii.1) . ■ II -v U I 4 ij j 0 - ? LLli j-a jj-A <-ij 1 ijiLtJa II 

jasIaI oS^4j -(4-1 J5LA.II) coccolithophores <jja_JI ol jj£-JI o^UIa 
Luja J jjj 1 no ja_JI c-Lo ^ La j ja Aj jj ■ " ». I j f j) 1 j j 1 1 1 1 .4- . , J I U II * j_A 
ja_i jjJ jJu 1 998j 1997 jj-alx. ^ a < n-i ^-La <4.a.>.5.*vll .<GjLaLi_iiiV jj£. 
._JL~iAa ^jj-iV-u 4 j^LLoI i_i 1 m i (jjjAjjj ^yJI <j-° B 63 ring Sss ^jj_u 

LflJLljJa <Sj-w*-uJI jil Hlinl «~ill I ~il 1 A J}(a <jjaaJI CjI j j ^> a I I CiV-alA 

j .a~ ... /'ll d . . Ajl ,~i l lilj n ^U-LAlJ 



s JJH — a .4-1 J S A II 
J-o ^U. j,j > a . I Li 

l : j ? ' I I Olj j < a II AiL-»LA 
u li 111 j (jjJI j-aj .coccolithophere 
<J f- . ft ft A . J-£j tEmiliana huxleyi 

< 1 ""ft- A. *C A ' JJ A J-ftN ^ 1^1 

(jLj U a .<_) — IA .4 ...\ a coccolith 

<_J d .J > ,!~i Li_ii_1 1 1 \ *1 I » 0 ~i j A 
kij ^ — ol — ^ 0^® 4 — j — o 
. <jail 4 1 ^ -n. -v 11 


^ j lj4K JX.1 xa 1 <JLfl5vll (2)^ lj-ULJ <_j < J » ^ J'v * «i <jl 

‘C5>a1 (jJI £jj <Afi J j A . A -1J <|_1-Ajjj J^lj-iVI <UJ (j-jt-J C5 j-ll <jj-kjJI 

O J ... " j (L^_jl aoX.1 °~~ ijjAjii 4_LaA— a_i 4i.ni Ij-Aj J^ljjl jilj a 1 IJ 

^t_ijlj j_i_u J-> mil jl jJ_i_ij .^JLaJI (^jjaJI I ‘1 li_i -> o l^-Sljjl (Jj-ajj <1 ^"1 ‘i i inf. 




A i A ol r. j, -Uj)U-w <Uj^ no ^ 11 ! <S^> i>it»IL 4 i \ uill ^j.a.tk.11 JIcujx a II 

j-o^l Lojj ‘lSJ3 ^ VI (_Jaa_uJJ < 1 1 , W Cilj I i.iVi -la. jj <j| Jjj .Jjj-ilL S j-l-la. 

s s 

1 0 ■ — X. a" ^Jl 4 -aI A. i (ja-i 8 <<LaJulaJI Lia_Sj-o jA frft J I.'-a La^_o 

J ^_-v ~ I t v *\ * j_a> evolutionism jj u - II ^..a j_a J_jIj_j j-_a1 
j^. 1 (Jjj-i jIVu LiAj .(ja.V c*®j (_f® ^IjSaVI IjA j * i . » j ftransformism 

£ ..Os 

Cx$^ iS ^- 6^ l s j ^ A J ^creationism ^_L^JI i_>.a j_q 

O „ =** * * 

^Jl £jiJ| Lfl-fl .(JxLfl J j l"t pl Vm -t-uLi fljijl jJuj 

^ ^ S £ ^ tf ^ 

J If. (jJLa. (j-o Si la. II <ji Ct ~S- 4.~1 (jl -Ulj »<X.Ij_i_i I .fl.n |<-| aj »^LoLS Jj_ajJI 

* f } * * 

f I^j V I Lo-i^ iwi 11 Ja. .Sj-lill .Jjla-a 

^ " <* 

< iA«U <1 «f jl Sjj-laJI CiI ilalll (Jla_aJI 4 a m4n .(j^IjijVl ^Jl J J Jp Lojj 

^1 jJjj (jS-ll C) Ljlj-i-a.il jLa_ilj j\ >.o u-»" S-)j-la_o j-aC. Sj-lS (jJL-a.Llj .(jJlaJJ 

<jJUJI 4 » \ 4 Lo <j-oj .1 <A» t 1 i ,Jla J i— i v .\ * * ^-lf- I4J 

.^jLutuVI i JoJlg S^aJI ‘GjIjLj 

tf ✓ 0 - 

a m i/i~ II)) j-4j <£J-A<a JJ 6 J-L 0 JI q LU i,<c> a II (j n 1 A~i 1 ^ jJI <(jla II itU- n (jl 

jl i~L~ijU Jjli j-ac. ' X j-~, <j| : I a I e . (jauJ .Intelligent Design «^jl_iJI 

£. •• & "m "'P p 

JjjlJI (j_o ^1 c.Lj (jj^j (_y^j - a I xJI (jt <J j 1 -- 1 i « LLLij <x.jjj-o i,\ \ -a. I 

0 

^1 Simplicio * v * * II u^la ^Li <pl. ^ >t<^l ^_Lc ^li 

5JU. «Lo 1 ^ If ^LLg ^1 ^Loll <i 1 1 in ^ < j > 1 ^ lie t$-> pL^. 

jjJjil LojJ ^_Jj±k-0 ^J-*JI (jl I I (j-OJ ji-ijl ClM _ll » ~ jij-1 .^JjJLllI 

Lfjl (jj^jJj V 4 - 1 -Uj-a (jl (J-A (jl-A.ll eaA iXa (jA I \g a. 1 jj ( _ y jiJI imaIIj ‘ Q jl 1 Lxj 
« \ 

‘iiuao <Jj^U 1 j . ,>. «*> (J-i .(J-aoIjS-oJI .-a I r. (jij .Simplicios o mil 

•• 1? ■yfi 

4 >_q »flx II jLa— o^l Jjl i-<ti II ^^lc. ^jAl ^f 1 jU"k \ j) 4 %.oj iCJ jll 

.^ku 

<L^ 1 <\ 1^ ^ m*\ <-oi Sjjl^ll 1 laXq t .v.tA ^jl i<u ^jJLlI 0_^_^JI ^_a Lo-fl ^ I .v^a ^ 

(* 

<j^oJ pLSJI .j< aaII (j~^a 5 ij Ij-A uj-»I LoJ <1 » LaLjJj^i Lijl > 




(j-o j i Jd-C. (jj^-* d-2J <Vjt I o « Ja3-S JjV-J ^ id iT> > S j_i_o_o_ll I "il ft ID ^ I r 

V jjJajJI £jl uS LL^.1 (jA» i II jrLa_» <LuIj . <~i id'a-ll ‘LlajVI SdJ.daJI ^IjjVI 
f-bul l (j-o Lc jj (Ja-o-t V j-g-£ (j-oj <6jl 1~I -k I (2)*s a I V-S IjJ <Lij i \~ (jjJa dLLa. > 

\ o 

gJL» J-fl j j\ jl Q 4JJL * 1 6 J A .^JiJI < » A.Va <Jlaj l ^ jiSTS 

ilSj . ^ LoJ I ^ oU ^LL-JI <j-o Ldlrw 6 J ^.rK^o LU-J pi K •y^Lo t j^o 

Cg jj «■■ « (_J-Lc- J-jLlf (jt L>fJ » H (j> SJI jj-i Ji-ualjjl (j-o Idi- 

4 n-N mla CyJ$^ jl uaj ^ytojaJI jjlajJl Cj^I t-u-asTi jl J-A JLsLfiJI j'Yl 11 j 

(JlxoJ J ja.j V jl <0. I jjfc jl Jjaj d£j jj£LJI jjt~ ill .~»M ■ *_o 

jl .tins .l*K <^JI oLsKU j-o ,.H- V ^1 jaiUJ i^jaJI jliSU 

■ il ~>*S II jl^ Ijl La <Ja_^}Lo A-i-LaJI JjjJ La. dll j " 'V <_ij j_i(JL ' pljLl a VI J-a.1 

LLa-l IjLoC. . J X*j* ^yjJI < ( *^J_uaVI < ilH^JI SjjljJI t-LLaVI jj^j ^LpVI £_Laja 

S^JJ) <^l*Lo A\c\ -Al 1~ 1 1 _ d U > , ,, \ C.I U-N^l «ULlsd (iajl^LJI J A mlj .4-ii 

<lL^JL1aJI cl U ^ V 1 ( y A <Laj .^jlaJLLoJI i fll jau^V _ I taj^U IjJtkj-o 

,\ \ \ \ r.j * <J ^j-oJ ^ ^_lc 5! ~L> jj) U” II Un t \ A a.\ -vl .1 \ > II 

J^Li. <jy Vllo CjLi iJLiJI Ja-ojj {J^aJu ^jl <ui£. (Jjjulj 

^oino 6jLoIlc.l ijfii ft ,1 t^iLj j-k > t\ <aS 1 ^ jjlx ft i j > L^jU 

SS 

aju. j o-°s3 ^ 1 At II ^Lot <_>j) joj. II <_»-c,jVI jl < Potty Designer <l£Lj 

& ^ 

j-flj .blind spot pi A<\f. <Jqaj <4L?^> < ^ > <» II L^oL^sLj 6jjlJLo I $ j J c , 

uxLja II ^-Lc- pll^^v VI ^ \ ^ JJ •^j-jA-ll tdJj kll^> II Ij_a 

!S 

<L ^Ja C.tl ^1 ^_Aj t ^llLo <pseudogenes iiSlj o LLa. 4 » > mi c^ej^" 
!j4 ii-l j-aJI Oj-ijJI ^(J-^I^ 0 mutant DNA I *■ \ 1 ^ if 

. (1) Jaj| >JI 

jj . kjJI g^-,11 ^ -L-L j-aJI < i _, i ^ II j ^-LtJI ^1 ULIJ 
(j;jj 5> t n . 1 1 jj -L-~ i-.,ll .Sj..> »-<^> II oM_id-*-JI jj k~i j _4 microevolution 

<( j_jL u ^_j * l i ~ j ^ ^ I ft .-.I t* j * ->■ nj Sj ij a Ij-jI aj .* 1 j tii macroevolution 
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^-a - dtu J 4jAaC. ftj-Aj H j^latll 1.^ *Ii.Va-i ^jliJI Cilj >■*' II ji^ljJ 4a->1'i (li'*\ tij 

JJJI (jU /lijLu I'.U^ V La^j .phyletic gradualism 
l (S^3 ^V» J 7** <u " 4 a II JLaUI ^JJlj uj-ywi -5k j^i-> \ 11 I J_^J 

n~\-± a ^l^.i i ( i i~ .ik .LfrJLfl jjj j5 j_yjJI <LdL3ojVI (JlSGi^l a > Lo Ulc. 

.I^j! J U3^ Ciil^-1 I I C*jl^ 4_JI aTiVI Jl^ itiVI ^| l A, '">.1 

J-a^l (J. ^-uJ I (jlj jar. ^rjjjJI (jl J-A JjJjJI J J < nVil l 

J^Lk cjL5j! (j-s ' * ' a. speciation J ’n - 4 i > (jlj La .a 

** a> 

6J-A £ jlfll *S£j ‘ 11 ^ ^jjq «LL ^loJI Sj-aJI Cj\c. \ \ 4 all i fiVI 4 X xJ~\ t 

*> £ $ s ^ 

punctuated U a "> a. II (jjljJLil ^ a <<■ ~ ^^.i-ll <(Jj-^-U Ij-a. Sj_iJLaJ1 
Stephen Gould dJj-c ^ ~ ... j .Niles Eldridge ^djjdJI j l_»J> equilibrium 
a j I a I ^~| <J j* ~t a a (jt <JJ In l II ajjk ^y3 .1972 ^.Ic. (2002-1941 ) 

a a U \ » II Jj .1 i* n II C^J II u g III" 4 \ 1 Af, J^Lk .-|N I.l«~ II /j_o 4jj-SjJ . ~ . A J . ~ 

^ <JaLu,j..> ((^^L^JI)) < oK ,j-ka4j) allopatric speciation 

£-S^<dl Jjl (J <i~ -k. a II J-LC. (j-a^ IkJ .(1 8.1 KI (jx. 4 8. 1.1k. .a 4-i-al^ j 4.alki,.n 

^j -4 Sjju^JI ^IjjVI j.i.flU.1 -lu o-°j Jl *\ i~i^U ^ a I m II 

^ ^ s s _» 

<Ll 5 ^1 uQj^l I LoLoJ *jj L” ft II s.Vs. CjJLc I jl La Q ^.ftLmll l^aJl 

Jii < \ \ ^Jl i*i iVi jjL_» ^LtLuVI ^ L ... ^11 JK hiSL ujLaJI^ 

. 4 c, > • « * 

t. ' * - > * » 

6^-°e <6>o Jjl ^_>I5I ^jJI J^_4 JLj .^- kll all ol 

.oVl-ot (j-o l 4 iJaJ ^ULLLLo La^_iL> n 4 j j al » <La_AjLikcl 

jljC t _j4t oLo^Lt (Jj .j^JoILU ( j i m 41*1*1 a LaJtjLdc.1 ■ ... .1 ~i a II (jjjjJj 

fi 

Pj - i t i i’n <ilj-a.^l jjA a i JjLSjj Ijji . ^ j tt II L^_i \ i 4 x._>_luJI ^Jl ^j-iSj.i 

<(^^kVI ilia.^1 1 _ >JjJs j-Juj*0 Sfl^ja .^Ijj^fl (jAjlj 

1, t ia .punctuation c- ^^>5 ^_Ju^-a ^l^ji 

«. l! ^ ^ ^ 

J^UI IjjJ Vj .jalS (^Jji-a.VI J -^h JI J\ ^y, ^jjJlj J^=4 U±? 

s 0 * * s £ 

I ^. T' ^ n ljJ .(JiaJJ 5_).jLa j-ut Ci .<i J ^ In V> a II £jj \ ^iJJ iiyLa.^fl ^ miaJI ^jl 




£ 

.tilljj <«Gl 1 1 (J-S ((<■ ^-la-ill _ £jj_uiJI» £->j-aJI jjLlaj ^Ijtj (J 1 > n*i S~i U— I 

. a a j a II jlj lj_A .^— ij-*n II j. JuLlI JjljjSk.i J 3~^J > i/*< CiLiJI J <Ja— i ■ J j_i 

(jl jJI ^xa. <jV .LtAjI (J-L a JJ jjlLo <LjjJajJJ ^ j ml a II 

£jHjl jl a_u U a » « II (jLi <i_ajili! < 1 1 a n II y> ^Jh 

j.jjifl i VI ■ 1 a. 1 J ' -*■ ' I Sj-iiLoJI lot a *» II 6. j-4 ^Jxa ^jl ■ ■ a X ~ 1 1 <j_sljJ| SjJLlI 

L$_il l^jjJaxJI <1 a it > I J^LtAj^ <^. > U II . <jj^ ^ * ' t lr» || frLijjVI <-i^.Li ‘i I JgLtAl <jt_i 
CjI > I a a II jxJS) SyLaJj 0^1 t ,.<~».a"t (Jj^- jjJ-i (_j 1 1 iU^JI ^..ala. ^yic. CjLa^lLc. 

fjxul J >4*") j^JI^ J^laljl J^iL V .LaJj^jj (SJ^' <1 to 0 t d A > 

£-»j-coJ 6jji \ *5 -ft * (j! cH^ ^ .Lo^J J) > 0"“^ J 1 &1 ^klLfl 

* * f ^ 

IjJJS J-ij Ijl f^icl ^ V» <j-oj 4 , Ut -J j ! u 

£j\ U1 mi \ 11 jJlill (j-o ^LfcjpVl tjLolfl jluI II ( <LhlLoI^V 1 <JLJI <3ljLc 

^5t£lil 4 1 1 ajl H ^Jj JjtfLoVLj l«i| <^H j-*£- < Li£.t-Q*i^.VI 

(j-° ,j ' il >11 frl lAfVI Jjlj <j_v.i">" AS <1 u II (jl dlJj ^jJI > - S i < A_ > 

l_S jjJcJI Jia ^ (j ’^aj ^-jlj rO-) -- >juSl >l3 jv g- ~\ . f -Lm (jl SL^-S ^5 

“LfijUoJ ^jl .(jVI L^LaJi jj^VI v mjLla jjlSllI (_y-S ^_jiJI til 

(Cions J. ~>. 1 II Jj-O ^ *i a *1 "i ^ ~ II J <tl)l— i-ijjl !J n JU-~1 <_JJ -a . i I I oLil J-x a JI 

* “ ' # ~ 

4J dj^JLo jLl-lo ^xi-uail Ij-A *lj^ int&ntindhs) 

«■ » t-~! ■ , ■ 1 a . . . .1 \ A <) % i 1 (jl Lo < Kl <^LaJ ^^Jl lj-1 (i5_)-»il l J < \ J .11 

* 

^aJI <Lc.LaJ J^Ls <jij IjJ <j.i5Li~ II ^]\ jL-^l-v I JJkj jij <1 JJ u La ^a-uaaJ I ^ j i aLixll 

^ji SwU^. a ^*C ft-1 L^lj fiSliaJI ^j_-o 1^ ljj.5 < *.l l{| *\ jul <JLajVI .(jL^jVI 4 J >.,> wn > 

■*' 

.<J ilLl Jjlj <j !1 u 1 -a AVc- die La J /yA I H 


J1 _J 

.William Palsy (_j-ll-> jaI Sal II ^ j» II ^^jxll I3 j& l A i > . a ^ 

tf > Sf 

(jJo dj .<111 < tl~k jjL» LSjIj (jl^ <j^ iuJjJU <j 1 ^ in La^ 




mm 




<J. B. P. Antoine d© Monst 4_xjj_ajj ^jlj A m j-u-> ■-< ■■■ * o^- Lu&jI 

<jL£ 4_it (1829-1744) Chevalier de Lamark djLaVjj ^jLs uj_SJ J—oLa. 

J-aJ \j >*>*% J_L<alj 4-jl dJj (^JLi i it f. >U I j i"i.a JjlSij <i— ij-*-i 

J <i_S_j_xoj Lxil£ jxj < L> Via, <d_)LoV .4 jJI 4 4 1 »"l-n II 4j t mal l 

fi 0 ? 

j^jljjjJlj CjI j AaJI ^_S Ijl ~i 4 ill I j- 1 -a.lj <CjLxj jxJL»J ljx.1 mo J_a.V O-Sj 
** ^ ^ 
j a a II 4JLa-V J-Sj ■■OL.L.a. ^Ll _>-=>-ljl j_j-S L x K a J . /ii jJLs jjjj tlj i a a 4j|_xa. 

* , 

jUI S J-o C^.r.1 Lajjx. ^xUI jxJ <j a.G III n Jjl ^ jl <4j jjs JAj 

jl ,8-Aa.VLi ^Vl 4-a-ml tjj" 1 4-i J .4ol_Sj Q~'~> .m"ij <j^a-l ^ ur4 olj) i ' ii i. \ a i 

j - 4 a . ^.J . _• *^>--'-xVL. jJtia J (} a dJj X — oj t^wlj i VC Jj j . la i La_a y : > - A ! i 

iJjBi/l (_yic. <JjLa. 4-Wj <(4 » . n-i j (^jJI J-A jx_mVI Ij-Aj) 4-^LLsjUI L t •X . ^ J j)_v ' I I 

< La-la a ^yjJI _ 4dL*_ap j_4ij_i lj_> j > -m a ~> jj ~i * II 

<J 4—luIjJ J_a5i1 3^ <1801 jxlx d-ljj ij^lnxll <JL 4-iLl JlILaJI _ 4-i a 1 r - »1 *j U i 
.1809 jjLuaJI Philosophie zoologique <ul^S ^ L^j5 


\ a ^-X uj <J j % «Ti n 4_i^JI Ctl Jjl tlJjLoV 

** #: ~ 

(j-° La lx. jj ^.o-cci xi 4_>.l a> .11 >Li.rkj ^-1 .^-tl 3-° Jj “i~> I Jl a*^ II 

*» rn.fi 

<X.^VLa « 4 1 1 4^-C. ^ » 4 n 11 lj_A^ 

fi * * * 

• JjUlj V ^^-jJI f-\ -lA.C ^ I -y ~ j < J-aJLjjjiJI pLAxVI ^jjLJ l..lxjk aj, ' a j-xc 

1 a xu a La ^xix.1 I — xj j <Lj1 £_o <<L» (juLJI j ^ " ^jJLlI a ~ n m aj_aj — I 4 
• k ~ J jS* L^_Iil_S <a Jx-<xaJI CjLa_uJI <_i ■< IjaJLv <j| — 4-i.ILa.-x VI 4xa-j_)Ja1 jj-o V-Xx-xi 
<L1*J! jU-iVI Jljjl ^_jlx! I ^ j» xu 4 ~x i* i isljjJI ixij 4 II L~ . . .1 j_a 4lllo! j o 4ilj 
J-xaJI ^1 iij^LuJ Jf<?- ,_J-S oja-il (_j4-ll 4JI1-1~1 1 nVI (jL> LaJx <J-a^l 4iljj rt x.ua>~i I 

fit* •• * * 

.^JLUI 

j JI A 1~> J J^S 4 1 1 Swi-iwi-ujJI juu \\ ^Xi J J-5 

Ij-A l-ln ^ oLul i—i % II ^j-jQ 6jJfc (J-laJ o 4_tJI 4_ uj ^ II 

transformation 1> Jj) >11 ^.Dn <<-1 r> > L^Jl ^1_ Ju_> pl^l (jIj aaJI 

^ ^ fi 

( ^-a. < \fl‘ill ( _ > ^xa,jJl 3^ .^jjj- u i xJ I (j* (.c-Lsx ^alxul II J^-a Vjj 



< 5 HI < 4-i^LatILc JLx ^.1 ip j) a \ a t<~\ \ (J a j vc fLxjLJj I 4 J 

" *f« ^ ' ** * 5? 

jl *4 x" ® Jl 

<4 -s -k ( _ > mJ ^(jl~> -~fc.il (j-s ^l-i a" _>^uJI Sj-La.) j a la 11 jj-a-u=> Jjj 
(<jla-uj o jU-jJ ;j iti n 4 1 j nl hi ^a^ . d_i_a_l_s ^jlj a a I ^jl-uu * r -.j j aa m-JI ^ aU li 

191 4-) August Weismann ^Lo^lj c.< ...c-jl j_^ -All ^LJVI ^.La 

J^jJo J mi £>..l -». > (jl (jjJ £jlj p t a II ‘LxjljiJLa (Jl. i -k.1 Jj-ij ^..i-i a i ( 1 833 

Lot 4 .^.A-a j-iAfCJI J-3 j _ j ~t i II i ijl ^ ~i ^ i ^jl .4 i II A II Jl i -%.^M i >1 — aA| 

P P ** 

5 j i n n II pLt-ui II jjL 4_1 jLL!I ^g^X.J II ’ll £_a _ U u-i a {j£. j! 4 a. i l /■ 

tdjLoV 5 jlfi'i 4 (j -yj 4_i 4-aj.ij.ll_i l^J ia^lt ^Ls 4 1 < » i"K.n II 

.(jL jaJL i—Lo ijjui ~ ^ . iVni 4 _W a striving ur—Jl & 

J_4.LaJI j».aJa The vestiges of Creation (1844) jLiJI jC;T v Li^ 

J * if 

djjl uia . 1 ~i< a a l j_. ...i- (1871-1802) Robert Chambers 

4ijLa. (j-a\ Ajjj J’t ■"■ (_ 5 -lc. J.U' i JjJucdl J-^jjJI is 3 iCiIjikJl 4-i ^i &l 

\ 10 a ✓ jl » ^ 

J-j|_5 l^-A^ <^1 ft \ AJ) Tj t ^ I *i ^ ^ ^ i n tZx ft J/n IjLfl IH . j-Aj) juLuo SjV^j 

^ «* 

^ ji ^ ^ 

."Aa ^jl j_jjia j lAj^-ita 4 i mi i La It i mi /> j - -j 1 laaa-a-ll i_i jjtifLi jt J \ J. a il«~ 1 1 

Jo.. ** 

1 0 ~"1 <• j Cxjij ^Bridgewater treatises jjl^'u ,■ (JLac.^/1 <c.j a-^ a ^jLa tLujii 
^j-oUlII J^l <R. H. Egerton (j-° j j » j-? 

t 

4 a l-i-l j 4_L!1 s jl git) 4 1 JL j» ^Bridgewater j-jjj 4 _*_laLa_aJ ^-i, -LVIj 

J-CJ Liaj i (J-a->.JI luJl L^_ a_uaj_i (_j4Jl 4 a 1 -k jJ _a i4 1 

i. 4 j 

JAc. j^c j. 1 1 j ~ 11 jj a 'il d U . ,.l J . - 1 'i l *t i « L^li j*t~ j djjl CjLa jLa. a j jjlj JiLa <4j j a » a II 

4 « i » la II i a X~» /J^A k, i I ~ -i.-i JLua^fl aj-A o^A.-kl J-Sj .aj u-i l » a I I jlia^l ^yjt 

T. j j..a..lLixi j (jjjLe^j 4. i i*N ((jjLujj^U j*t a II J ^-s!iLa.^l (j-* Jl^tJI j_a 4_i jl A 11 

TJ1 -k-JI ^_a 4 i---k jl -A — 1 1 d » 1 1 u il i a-i<L~»> i^j\j\* i ->A.1 Li -k„ ij ^Chalmers (1833) 
(Jjju (fijUJi. _>laj 4^-a.j ij-°J -J. Kidd (1837) 4 -u^ ((jjl-Luj^Ll 4 lama. H 

** ' ' o 

o^-lll LoJ -laj -1 iAiftll JjLLJI ua. jJI 

ujj II ujfcio ^ if J) ^j-q S^jaLa a II ‘LLx^oJ! 6 J-A 

LJ^ (j! .4djj» j^JI f-L^a-J (1882-1809) (jjjjlj 




U x > > U II a. 11 ■» II 4. i ill a » l'l ^Jl <UaJI oLjjlill ya d a l~ 1- a 1 1 JaLcuVI <J-«at J O "i 
L a -jL c . (j^-l <Li-a-ml I 3 l3j J-aJU (jl^ jij.'a <1836 ^lLc. ^yJI 1831 -kLc. ^ya 
11 B©agls J < < « 4 -jSLL<JI 4 j * a mil ^ lr. < I < I j $ ^ » * »t~ll 
*(jj^ djLi d 1 <i 1 1 jjx. (j-^l j-4j <R. FitzRoy 

^alilj d . xl -n. ij <<aJ^£. ^ya 4_iaali_d <Llj_yJaJI 4iLa.j (j<-i iti 4JLs_> 

~ ^ ** ** ~ ? ** ~ 

?= «* ^ 

Li ^ ^jLxj <GLi Lok r<-i.uii ^Jk ^ * j ^ miJI A il <■» jj 

j-a. (_£jJlj <lj-»j^ (jL^ ^ill <Castlereagh ^_>j I m l *C o-jj^f-4-ll <-o-»-i Li_o 

. <G->1 i^al i il ( i~i*\l <j <CLtSj 

i slioiSV 4-ojJLo Lo LJLc <ol i,Io.a..a II (j-o J-jt-4 jis ^-S (j^j-i-ll (jl 

' ^ V * 

wUJjlJ ^IjJI jkiJl ^ Jlkk • V j\ ^J^UI ^ 

! 1 jj ~ w j :<G j^o ^IcLs qiicii (jl 4 ial i<*il jjSLo-i <^ <^^k iti ^ air 


<4 in iLgJI ^ 1 r. uj| SjX. J^-i^jl J ^ al <(_^u_cuaJI 4 i I ol j i in J|^La.j 

4_SjLa_i La IjjLi (jl-^ ill j -v. < II jl jj ^ya 4 n-i I -a-i 4jV nil lit SjLt aajj 
Lima cJLla (^yill <4j 4ifi^a <LoL3l j,^. itil cilij . 5 j-.ii-ana II 4a 1 4 in II ^La (j-lt- 
jJ_a.))^ (jaijiLiVLc. jj-&- (_J-S <1835 jxLc Jj a~ > JU j J^J->I 15 (j-a ltj_i <^ t ll ml 

<<Qjaiui Cial^ ji i.~». <^jl^JI la ' a. aJl ^ l<~ jjjlj^VI J~^l ■ ■• I 4ajUa-ajl <^m a^.M ..ill 
I (j a I ^ I <~ -v 1 1 < .A II i ’•• 11 ^ a ■a i <1 ^ lit lj a ... II \~a j \\ < \ ( _|a_a 

A £\ \ < 1 ~JI i_La.M_a«JI S_i_aaa. Cj-jLSj . S J^juII 4_La.j ^j-S <Q^V e 3LUI 
jjaaJI jj-S i~i--a-‘i ^1 ^J-J</I » s (j^-l 1 0-aij-Ljl J La jl i L , ^1 f^y^. i5 i-A^JI 

O 0 s l< 

H. (J lil n ^jLa^jJk 1 ^ j J^-Ij 4jjl^^)jJI jj^JI ^ya 4 I auLm jjjj^iLiVLc-J i^JI 

4Jj-fi-i i.. 4 iQ j (j-o I _> _i*iS > (_|-Sl JaLXJ <J-il 0-3 J |_j-S (_Ajl j (_£ ill Melvill© 

5» 

4 *i ~ i 4 jj-S ilJliAj lj-4 6 j iTili a ^a^l^^l Lilia ^ya Lol^j i^jJj nif-j 4 "■ ^ i I ^ ‘»1» 

OjLua jl ^jJI 43jLj iio-at Jjia j»J (jjjjl-i .((4.~i_i l - a Lr a-lj-ua ^j-S (_)i jl 

jj^'» J ^Jl ^-o <Gl J ^ J i * jt <-L^ j 4-LLk 


.jlj-ol 7 Ifl iAjfcj 27 dull (2) 




<* yl 

^1 Uixu]\ oljLUIj iji jJ-aJl < »l i lli .((^jl xi'i^U S-i-i-Lo .aJ 4_ij| jp mVI 

•» 

L^_.; '■ ( ( (<l1jUJI 1 1))^ Los Encantadas j-aj L^-t-a-l cjjJj jj^JI >*LLi > i-n " 

(_yTt *w (..'•^-tl (^j-ll ‘Csj ' *> " > jLloAJI jl jl ( 1*1 1 j5> 4 4 \ 8 TV II ^_9 C*jLi 
i. i^LJl ->-1 ^1 4 g*s'i (jjjjlj Ls-iit idJjj mi a'lVL Ijj jjVI 

L$ iLta. ^yliJI J J lLJI i-to ^ jj_l 4 -‘i pi 4 !!! (_j-S |J-aLjj <Lft..-^.>j ^lt AC.1 m l ^jlS> 

,}LaJ3_jIj < ULj j j-Lfj (JI_»jJLxu_j_^ jl— ^ (SJ-^ JJrf f-d) 4 * L~i A . ^ jj-=»- o-° 

j i al f4 ia mil j j) j *. ...H 1_^j d .^.1 Uljil jj ^ ^ 6J-A j^ j i*ll" a J 

i— ijjli (jioJLJj <<Lalj»JI oljLxJI Q ~ ^Ijj^l j .olSLlJI j-a JjJaJIj 

** ^ ^ B ^ " 

«<-ulAjJL» _lLl ...^jJLajJoJI jL-al^VI J-S^-aJI (Jjl-Luj ^ ^ .fl ( ^ tU 1 L> j <<£LoXo 

11 4 U i II p tu" Ij^. «La^— o *S <1- i.lk ^ (j i m Lo^j 

6 j-A j t .natural seloction ^.x j . J n II f-LLLiVI j»-Lul Sjlx jjjjlj 1 $ lr 

^-Lc d Ia^M « 1 1 <LU ijjjijl J x -v~ 1 II fl-k ~> II Uj -j.i ii ^jlc. jjaJI 

~ * ■■■* .*1 1.V i j 'tj'< “' ^ Cjlxj-a^_o (JjjLi «La_iiaJI t (J *i*N I < U jh t| 

~'J w " ‘ ' 


L)^ ^ Aa <CjV^I m ^ II ^j-o ^ 1 1 *\ d_jjJ it ' Lx ^ i m lJLj <Lj| 

6p-Ij 1 i6j)l j itjl CxLlloSl ^yL^ j 1 > II jjJJ ajlL-St-j ^_sjS ^tiJI S jlj-iJI jjJI j.a.~>-8-i 

J CjLoj) I X a II S J_a j J-aLij (Jl j_»Lo jL^ I .aA > C. Ij i n~> j id j 28 

Malthus (jiijjJLo <JLi-a d » I . ..~ II W V a. » .<J_ijJaJI 4 ~ I -LJ JiLi. L^-A-Lc 

Essay on the principle of population (1798) <jl£_uJI la^o ^ illLo jl>i-*-i 

v> <* 

jLxjluI <( 1 834--1 "760) JLo i >j ^ a ^ ^ H 1 ^ ,j 

.<LlSj_uJ 1 jA^JI ^j_lC ^-uj( \ Mill jLua^VI 

al^-uJI JJX. jj -a llo <^^JI f^ju ( <JLUI 6»XA 

5jL»j ^j-o <Lij .ju i > 1 1 cj- 0 ^ (‘LuIjJlJI oL^JHaJI JlAjuo ^j-o ^^_i_ul Jjjlaj 

:^L» Lo i^u5s^ <JLLoJI 6jJb J .iijIjiJI L&jjLi^-A 


olia^^Lo ni Lcuutl ^oILlau (^*111 pLajJI £\j.td~i\\ J^i! Lx^-o ol 




Jj-oj <t_a a Jus ^ i.i a jl jia <oL!iLijJlj otiljjaJI ol jL»J Oj n~i m l 

^Jl *LajjlaJI j >r ' * " Jl k pll.H ^Jl 4aj^LaJI ."tlj >4" II 


(jjL*a <(1895-1825) T. Huxley ^ 1 ■ * (_y<Lajj (JLS <(jj^.V Cxsj 

* * 

.ala >1 hi dJJj ^a jjiaJljl (£j ^- j Vl J-i J mi l pLlxJI (ja» 

(jt£ (<i aai (jjj nif. <OjJa JI^L 4jU»^iLs jg . a JaGJI ^>jjjIj J-^lj uaj 

» (jl (jjJ <LfJ 4aj^UI olluJI ^n-y tj (Ti~> ijjJj 1'U II f.L5ajVI (^.a <Qj^Jaj ^ *t > i 

d " ' ^. U. *. j_iij .^.-n. » (jl^ 4jSJ /< ! . :..-< * I I ol a i ii 1 1 4_j^jLa^UI <j|^_jJLi 6jl a'f.l LLu 
i»j . ' -^ j Gs <LijJa I d I « ->■ J i <1856 ^.Lc a jl 5>.a i_a_^ j <_ il ~i*\ > |j_i jJij 
v II G. Eliot ilu \ ^ La^ < J^laJI j jl n^r.VLt 

^1 j J_5^ ^ J'lj" II * <X.jJ La Lr lc uij 31 i U pl^JfiJI *1 ^ *1 <— i t m l 

(1 91 3-1 823) A.R.Wallace (_>«Vlj J-^lj ujAJI (ja <Ja_jiadaa ^ J ~ j mj (jl (jjjjlj 
On the ^ I i AVI L^-Jo-a-j (j-c. jjj_a }L> jL»_ 3_>VI (^-11 ^Ij-jVI <-c.j_j I ^ jlj-l c. 

(j! £ .tendency of varieties to depart Indefinitely from the original type 

jkti ji j <W. Wallace (_jx<VI^ ^LJj ^ * > i~*c , ..iM QU >11 ^a.L!iaJI J <<i > II (ja (_jx«Vlj 
1848 jxlc (ja Laj.l y a jd^jjl ^ at -y < 4 (jjjla^l CiLiLc. j a -..nlj CiV^y i 
(^J[ j a i n 11 jjj <*1 1 !*> iA Ljjjl (jjj < lac, (ja <gLjujj c4l^ LoJ j .1852 ^.Lc (^Jl 
(_j-aj .1854 ^.Ic. ajjililau (jJI Jaasjj <( L y < < i _l> jjjVI JaaAjVI) JjM-JI 

j ^ <£_oa*JI j j_a_nJI (^LLui J A i . ’ 1 ! . ( ^ <1858 ^1-^ * a JoL> 4. <i 

dLfijjJLa J- 1 X. 5j->ja>JI) Moluccas (_jjjL 5 LaJ^ja ^_a L) j^La 4 a y A <aLjLxa 

(jjj^lj (Jia _ >dJ_jj| <(Ternate la^j Gilolo ^Jj) 1 1 ~> lal d>jl^ <i5i> 

.jjJalll j j mi* J~k.JaJI ,jajlJla jtisl (jl - 


LaL_4i_iI (_fjJI a jl *C al ^xaL^ a J_A (jV <(^jLa (_y-S 

IjJ .<Lla .Ti l a" (jl jl^j _i,a [QjjJjI CijL^J <(jLojJI (ja (ja.\ a f Jlj4a LftLtjj 

J . Jji > d. jy a. k - kl k\ 11 ^JLc. J <Sir G. Lye 1 1 (Ja! jJ^L4u j > mil ^ . a ^ jl . ,.i 

<JLia 1 a.' a i (jl lj_>JB ' a a <(jx<Vlj a jl m~ ml [a A jj,,' a a i (jij j»J LoJj .Hooker 

* fj * a \ 1 1 (^JljJI J^LaiaVI (j-S (jajjlu l^-» a a. (_jaJI oLta-y^LaJI j A .8 >1 < ■ Jl (_yuVlj 




pLSHjVI <4Ja^JJI , iLoj .1858 f-Lc, ^ 1 £_»jLL) JdlJ d i\ *1 \ 1 1 II 

j-ualL\j <<Lcjj L> jJic.1 >c (jjjjlj ^ylaLi .<>1111 (jJ jUl >x ( 3 > j - >L I I 

<jLjSi 1 859 j».Lc. j. ^ a Q j ~' j jj-iLjJI jj ' j < j j .7. ^ > j \ i > j i m*i I LL-v La .s. \ ,t. i 

,J\ <On the origin of species £j>i¥l J^=l 

'■jM \S 33 ^ * a H Ljall i_j^LuiV) <jlS 

On the origin of species by means of natural selection or the 
preservation of favoured races in the struggle for life. 

oU-jJ&JI LS _ii (dilj £-oj (Lo Oa. ^1 (jljAxll lj-4 >1 >k> 

} ’On 4_c_l^ Lll^l jA “dj-a La ,_f >IS ((UaL^sl pi « > L juaa ' Kj) <lL^.^UI 

* I * 

£lc. jlj 

{jL. 1 is\% \ (jl <VjJ :l ft(p mljjj ^.^$1 a iii (^jJ 

.J \ JuJl ^ oiU^JI (J-olxJI C.1 fl~\Vl ^j| flujljj (f^yOJU 

s * 

cl cVtVl l. A La^-aC jftll £j£jJI J 4 jVl LLcLcILaI c-A-^j 

Until lj_A LiJ^ (J-ALaJj Ua^JI 

x f 

CjLo-juj «Laj >| Jlaj .(jJlJjlj i— flLij^VI 4-U ^j-ll JjjJI '-i ' nn 

0 jl * 

Jraufl jxli .^jlj-»-aJI IjJfc <j-o ^JiA3 ^iJI 3 Li - tv I 4 \ j X a 

JJiSA JjU. IjJ ' \ 0 ^ 4. 1A.JJ J 4 J <tl i II A ^ II ^2x3^ (jl 

Jj9j ,5J^j_a L-® p (3 ^>-1 jLl juaII x\\ U I I pi fl*\ i VI 

^ <JL^ Cjl^$ jl- to 4 _j1 I^Ij 1 a ^ JX. 6jjL2j_t-ssi <^Jr ^Lua 

.< JjJI c^-Aj ftll 4. t >1 ^ >^UI 4 \%\ 1 1 A II 4^jiJI ^ji=JI 


Jjl i^LTk-l Jl c .1 * .i.yi Ij^k. A L^-AAxla A t 4 -U. t in s ^ « I lL .1 1 cl o~ >V 1 

^ 0 ? J* ^ ^ ^ j 

V < I ^ .^)_>J_j J —uj I — ^ IjJLsa. i— t 1 In *i 1 jLLLcVI L^-LLjJ 


Ijjfcj J-^l ^-o (J-oIjlaj V ,_5 f4jJ_uaVI 4 3m 1*J1 «6VOlution» <CcJ^ Inj V (3) 

.< 0 ^ 0 *. (jiiLij jjdj 




/. 6 -v \ l ,„l l ja j * ,1 ilnJI s-ISjljVI <-luIjJ c Lixj j <S_)jj^k JSLJuj al a~> I ml 

* m 

iLijI^a. ( _ J _9 S CjU j-lsJI J Ciljl ' ' II ^ i n -v I I ^ " il a " ml j-lajJI I 1 1 1 f ■ 

* / * 

Lua-il 7 ^— j 1— Lj al I ... Ij I fl » a J) ^ I 4 i A.I *» ^ II j 4 _ljL> j-JLiJI <JLJI i j-S Laa-ilj 

^a-lVill LajLa.j .SliaJ_LuJI { j& S*3 ~' '" <L$. Liiijliflj I ^ t - ma lLa-i j)l« ii 

jUs > j_o < U, a ui i <L I m I m olj-ntlll 1 g a j jl ,i a \ ^JUl <Jo_i_uljJI < » U A. 11 

U^. jlil^ (J-S CjIj > j~ II Jjjj il' i -a. <I.Aa. ^ j-lC jkliaj jg j)_i ~k II JLa-aJI 

jJilJJ j^ijJI £-0 JJ-lalJI ui ^ j-JI j^KJI u- 1 ! 

jj)ln~> II uutXu j.l.'i a j-aJI (jl ^^-9 i_ i , -a -C. Vj <<-> jjjjJI liia. 

jja~>JI j if i .a»~ll a -a m (_gjjl <^jj^JI Jaxa-aJI (JaSj-loaj jit" II (j £. j_jj^.Lfc 

, *•« »■*■■•■ II : ~ j (j-i-La^ » It j-LAJ ^_jJI jl ‘C.a 'j I (_j«aj» _> jl ■v iL> Jjjl ui ^ I *> 

jKil^ oj_>j (^lll <neo-Darwinism iSlLiJI <liajjl!lJI j! ^modern synthesis 

(*g J t^uJI ^ J i > In II £_ijliJlj < 9,l*,j <i Jl jlis^l j-> j » ~ > .1 oAa-j <<jljj-ll ^J .». i ( jJ » ~" 

plsiiVI (jl; <Ji j_mLUl j_>UI uj^I^j JjU. observational 

^ * * 

(j dLa. 1 11 (j .- j ...I ~ ‘J > jo J iti i» II j^-aJI (_j_<a CjI i*i i i 'jl — i—ll j I -». « jfl V j) > a * j * i > U II 

^lc. J .^-->^11 Ijjs < A ia.-i (^-uaLsLm ^yjjLs <Lijl Cij-ml La^j -lij-i-i-aJI 

(j-S I ^ ~i i 'j <■>!>.. t j-aJI aJ-cLUl l^jlj <^l \ -v jJj) \ \ aj j..i.iJI^ C>l_>-4LlaJI ^ ' f 

• JUJI J-uaiJI 

:^jLia Cjlj j^lc. ^yjmi-ill f-lljjjll -\.a.~n,i 

(cjjjjIU Jjli) (_pljj (j^e- <-«j -1 

/ , ** 

^ la na < t-aj f<iiliaILa Clones (Jal jii ' ■"■ ■ I ij l-i » o pI_ uaC .1 (jl li-A ^Ajlj 

,<i|jjJ| iJI S^i (_^1 (jjjjlj u^e fJ (j-® ^ '_' > 

(j-° (_J-!I ^ b.a 1 , n. g ~i_ l .i (jjjJljJ Sja^i-aJI CiLa-iaJI 1 j j 9 Jj. aT l «^jj>» 

aj. \ 9 ~ 1 *I o I ^ 9 I ^a J <_j_lT ^jJI J i a 11 j <<-La._i. 9 ~k 11 ijJjILj (J ^ a II lj _4 jl .((^jjLjl ji5» 
^jj| j S_>ijJI ^>=LLa ClII^ <jjJalJI ^1 j Q Vi*i jl j^-aJ l^-il 

<— lu-Lj 0 _c. jl j_ijjl j jl j -1 < a 1 ~t ~k a < <<~i a II CljI < L a_i j_j . a jliLsI Jj-i_a (_ji_j_cl 




4 w a_l_m G. Mendel (JaI-o <j^-a J L-e i ■ ^ya <JLujj ncI j a ' 

** ** * 

■ 4" K-ui a ^Je 6 Act mj ££aJI £"LLLaJI 

_>5lSill (jjaJI pL»VI .2 

U "i M (jl u Lo^o <-ijA Qj-^-y ‘*~* p GVl jjl <% AA__>J La^ ' I A-A j 

A-S^ <SA^.tj S_)-a VI i-X'^-l-i V <|J 1.8 II Jj-o <^l^jlVl 1 J .SLa aJI A-iufi ^-Lc L^-j-O 

A-l-S (j-lt- jJJoj y A5 UVt ' aa. ~‘~ <^jli I A II (J^Lo jd jll 4-aj^j fAxljJI C)J-aj 

<_k_3>JI Cal \ tiLSLl) ^_S jA. 2_i j-jl.*^ II ^_4 Jalj-sVI . S AaJj SLi-iJI 

«*' <£ 

aLiVI Jl-o Lajjj (4 -LaJI <JiLo <cAj‘i iii UaJI yc. <jLc.j Afl a 1 1 ; ^iJI Zj n*\ll^ 6 A i* a II 

JjaJI (j-S ^jAa-ujjJI <JLkll 

<jjjJI £_a fjfLcus y J .Aal i i. „ a.i'Cu (_yj-!l Alii (_j-A ia^Llll <j_>aJI .3 
jlj nZ Ml VI ,_ylc. Zj±ti\ <ll :£LuJI AxS (_ylc- fLS-iJI Aj^a-a (j-o _>l^t J-& «£"LalJI)) 

^ g S * 

Jj^.| L^_» ^iJI^ <ljj2h. 1$ nfl ft fr^Llxll j^jajLujI l \ kXi H ljJ& .^>1*^*1 11 

(jaiiC, £_ujLaJ 1 p^jLi-o Jj-a ^ It o \ II £-ll=JI ^Jl *t J 

^Lc) La^^j jjSj < (( 0-1 c.la Jl )> ^_a SjLulJI^ .H. Spencer ^ mu m c^j^-a ^a 

.Social Darwinism <^cl *%! j * m 1 862 

jj^ <ol> . qjLa aJI cjLoaoLIjj ^ * i <U II p I.&I jMJ <i^V' ^uij 

<<J J-ihjIj J ISlniLl ^ u ^ pLiJV^ .eugenics J . .. > ll ^ auaj ^ l.» I ^jLaJI dlj 
« ^.L-cs^U p 1XJI» (jLi uiJI ^ji (JLaJI ^a .racism 

o* *“ 0 £ p 

(j ^ S J-L^VI C>l » iJaJI <JLo»~>.ihI (jj ^_)I a (£~^~ I A-Sj o' - * jl-* 

.L_» (_ja!jj (_jj-ll 5^>isJl <-ojlS jj^ j _yaLs~i <q£J 

g* J o> ^ 

LlIS ^A. iojj <j| ll!L> ,j£. i_»/a.. J Vl (jjJLij <^j > tUII aliliVI (j-fl _>Jalll Ale 

{ j& ^Jaj_> V J j-uiLaJI 0-S_jJL> LoLa j ^ « iaJoJI al All VI . jl^aJI j jjLojJI { j& 

J ><~i oinll jjjii-uiA <(J xal mall <J La I a i&j ^1 (j-ul IlLi - . ia l^jll 

«■ i 

^Jl Lo Lt ^1 ^ flA I <111— i H ^ . > ' U II fiLH ,VJ (j^aj V-S • ■ip j U a ^ lC- 




(j-9 Lfl*. is\ y J4-® ‘ 4 *.* ■ * ■ "> ^ (J-Sj ijjJ-^-0 

CiLujllI .SL^aJLi » 1“ i -Vl <U4 ^Aj <li3jj-o (j-suuiaJI pLSSjVI (jiuJU .^IjJI 

d ...I . ,.-v II <U_L^I <LaJaUl (jLa ' j j U* II jLa* . a|/l~» it 4 U . , ,1 j i * JLuuj JLxa 

ii£.jL tjJ t^ uxi j ^Ijjl (j-!| jj! (j-ajUJI j^o ^ylLlI 4 j) i A U 

0 ^ulLoJl " ' 0 j^JI 4 »*C \ it- H 4 i L. 4 > t jj *t A 0JLJJL.LU ^jJI 4 4- kill I i_lt-^- ^ 1 f ■ <Lj J_aj 

1 j ~ i n <4_)jLij_5 (jiil^LsiU £^Luj e-j *o 1 .1 ? > mLniaJI .^5~1 

-laj I^ya J |A al ^Ji^LaJI J-4C. i_i i~l^HJI 13-4 si i~t.ll JjJ (_j-l£. (jjl^ pL2j (j£ 
Jj 14 ■ ■• H (Jjlj^Lo JJU j </-» til i m -% ~ I >..i (j< i^C- jl <Jlj| <.t a m l^J SJ>J-aJI *3-4 

CiVL»-a JLa-oJI 13-4 VLaS SQ U id jl I I (jo£. (jl 

s - c c - p 

4 i^ i iti II . a 1^ Ajj^jJI <Ltt^j5fl 4-j.S Ci » 9j (jjj^jJo J^Jo (_j-ic- Cij-^iaj L$->^ 

<Li-Al jil (JJtJj ■ ■ ' *' 'VI ■ - ■ ' J ■ ( jS <LapjLoJI jaCC JLl-o 4-a-ij ■ & j) i A II 4 . . i l ^ I I 

^JoLSSjj -Jj' - *" V*^ I VL-> a ^a-uiAa I3 -Aj <^jJ-Ll1Ij . I 4i~i II (£j -y all ^Jol , j~ > (t ij ^ a . 

* 

i-aJLfi (jLs rlungfish >-l n . < , II jj-o j 5 L j_o I_a I jji ^j-S 4-W (jL-ij a I I (jlj-4 

s> 

L»_fl J_c JJLjjuJ <pLoJI ^tJca_X4j C-VllJ <X^ 1 1 1 11 1 ^ \jCla\ III" Cul^ ^xll pl^^JI 



<i 

-4 M>J» JI 

^isJI 



-4 injtjl 


<_j^a jji <Lxc ^ vi .oijjj* ii ^.uji j->.L»-% ftii ji mj ji mil .5-1 j^uji 

IdJ J < 4 _iSLjlu!uJ1 Ji_lC j ^ 1 1 1 ^ a ' J U J -~k*i Jj] \ lc,^ ( P^^ajj 4 -...1 .XJ-V. U A X. 4 .^,(1 L iL 5 j J) yA 

t jl !■% II ^_fl 4 ^uaj 1 m-fc jJjj ^ jJI t AJ H ^>S J^AJI ^ > i_l J .eLlaC. 4 In fl > illjjj 

!^Lfi (ujjjj _>aJLo j^.ia.A.11 • 4 1.1*1 II >■ 4 1 |X jJI J_j uja 

j 

■ Ij-^- ixllc _ <_> jjJI UJ j ^ ~> II _ Si I'xJI - w a Lr U pLjdJJ p^^sjJJ d ' ...I -v II I/iiq ^jV La^-1^ 

yJJ ^ jJI Ij-A jJI :oUjJ-JI <^_|SVl ^-1^. y SjJiLfi 4_&!» jjl y<Xyi (isjLoji y 

<jLoVI ( __jAxLaJj ^, 'f J£.|_LU4 




0 ^ s ? 

^ j n. a < n iiiLa.j -1 dJj*i o (jl^-o ^Jl jLaj < Snout ^Ja^JI u_l£.'i I An. L&jjLo 

• 6jUa4vl J^^.j ‘ <_ jil) Ijjfc (j£. £_^.l_p <Laj (jSLi ^-1 .^6~1 (J5i <?i 11^ * I . L II 

S f 

^U=JI (j-o (J£J (J^jl <_i 1 .A i J Ln»~ m l fj-S *yS >- LO Jj£. jJjj jl unta^U 

I <1.1 m l ^ j |~1 ill ji£. j *.nl IJ <<tj <JlSIjaJI t_yj jiUll (_g J)~l -y l lj_Aj^ 

ee ». *j i A q It Jl 6f^J> l i-A Jj ^jJI (jl JJj (jJI^ i~Luot .liljLiua 

.<jliaj| (^J| < tKJI (jj ,.iAl jJI ^jAiVI (j-o Ll&aJl i_i*il II 


<_ljt ftjfe <jlj -0 



^ <«1 II y a Li ^ Af.VI ^ 1 J J> >~1 11 ^^-Lc jJIAa .6-1 J^LuJI 

f* >3 ^ ^ <51auu lnU~t..o jl null miH . CjL^J-iiil (j-A 4jn io^ II 

^-flJl ^L. (Ja J_> ^dJI p-LaJI J-o mj Mill JjVi ^LLoJI JaA^ dJ jli-o uLjaj 

^j-jJ! (JLiuVI oL» jL=k. lA-* < ( 3 - a -*-M (j-* ^ *s ^ *> 1 1 .gills liL^JI j_jx. ^ 

t * ^ 

d*t i.\«w |1 oLljjIII ■ ■■■ J ill ft m Jl j-A 1 i l ~'J ' Jo-cu^Vl .laIsJk.A.11 ^.i ^ i " . . ." 

Jjajia elj^Jl ^lu ■ Uflft ^ Mill 4 -j.uL^J ^J.na’Lm » Jl^jjLo <a^J i — jaa j^L. jA- V a J I qj A Ia 

cj-LjjJtJJ Lf-» ^LiXH <- 1 ^ i Sjj S^Jgi Lfjl . <_jl_x-aJl (J ^.41 1 

pl^Jl (jLi t Ia^JI .p.|^J1 ja.V (jVI J mu n~> ‘(jajVI .Iffiit -^-aJ I < Uo_mJI <qL»A1I 

^L*-kJ! JjjLJj 4% Infil l Jj^- J lM ^UJsJlj 

■ Lll^. V I ^>iaah Jxjj < jk 4 a1) « 1 » cjjjjjJI 1 j-A £)[ ^jia /^C. a a il 

« S * 8 

CjLc-Jh <^-a > xla II pi . *51 \VL> ^-i 1 1 11 <LcuLijj| n a 11 

s j ^ # 

(Jiaj Sj-iio (jjj >iS L^j| J^-* J Cil < II (jl <ljl-L^.I <_uailxLo 

if 

I ^ » » a -j-ixi ijl l jS <_iJjjJI 5 JjljJI U. ... i (jl \ e><> j ^ > a ~ II ^ If 

gJLilj .Cj^jJI) (^Jl (JJjZ J (jl (j^-*J Lf-^V iLixLc Js^i- Lf-jLi <ljj J-xIj 

Ini iA t ^ jJI <A1.II infection 1^.1, jnJi I n,.' ' C. JjJjjJI SjjljJI 0LI4III 

Sjjlj^JI jkjil ji 11 nil (j^a Jill (jl .^jJLi <jJ jjJI a JjI jjl Jj jj (j; jJI (jLj_iJI (Jt 

Jfcl.in 1 ^jJI (j a I ^ Al a A. j| (jLs (j-cj ‘ ' ^ 1 a ' <j '~*\ 1 It ^oj (j-o I ^ va > <_»jjjJI 

(jp luK ^jJI ^ I ni'l l ^Jj - j\A - . Ai ll (j-o Jj jn> ^yJI Ij-Aj <t5jjAjl (_ r l£. 




•» ;? <5 ^ 

d I idjlj (jl .5_ijjjJI SjiljJI l-i jii ‘i ~ L j >.11 

iia-i SjjljJI < il j ~i II jjLs IjJ Sjjl j ,/j-a CijIj^JI ,j_a < I .m LmJl 

P'J-dl j-U-2k.VI (j-o <J>! ^ \,X ,A.\ <6jj Sjilj ^-lc. LxjLlLjI I.U*,.jl^ 

^ * <GU <LAjLUa. 1 ^-C <ljJ .<xl£. Lll ^ Loj ^-aL-LXLj £j| (j^lfraJLi 

Red Queen c-lj ^ ^ II iiLoJI a \ 1 1 ^jt \ m ^ » \ \ U II p-LSJLjVI 

^£_s Ja^ ^ 4 ujjjAaII fjj ^Jl ^j\ LajLa n ^_iJI 6j ^ q 11 ^_a hypothesis 
(jjjl^Lfll - -'Li \ Q~ J CjI „i >lj,i ml ^jlj) 4^1 II L^-i-fl A ^S_> fS^Slj 4 ^jJL-o 

js ** * ~ ** ‘ ~ ** 

Loj5 cLtt ■ml ljla> xa 1 tlA jUJI ^j-uJli .JiLo-o J-aJL» 

* $ £ * 

. 6 LldLu 0 aJldm. t I j_A^ <La 


j til I ^J2i A J ,a ^Lua_il 4 ^o 3 j .£_fl j) o 1 1 Sl^>-o tl iA->l f^_A ^_*_i_iiaJI pLaILjVI^ 

•5 

CjI ‘ tail's 1 1 (J ■ ■ . a II ^ 1 ~ > t^jLAjiaJI frlAljVI S^j-t j < i a <LuLj^fij! 4 *t > 1 11 
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(Scalopus aquaticus) jJL<JI j_LLJIj ,(Vombatus ursinus platyrrhinus) 
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West Country (g j~ t’s c> . ngj T-Lj_j ^ n “\ Q^LJ (TaaJI j»jx (.^ > t> % ojjla 
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Ca- ^J| -k a oJljL* CiLnal^AjVI a CA j>lna a i_i M ub I CA . 4'i ni 65 

(djLijJI Cil oC -u~> 1 (j \ n i/n (j-oj (frljVI S (j^i A-'i V (jdJ 1 »-< 

O-Ln. ^jjJI Sj j^jJI JaIj tJI ^da-gj cAoj > . - m a I JjJ-iiJI (j<i»l,..8.-%-*>V 1 j 
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JjUU V < «**■ I' ~.l ~>M< II (jl el a~‘.M I Sjjyj I ^ a . i f. IjjVI jl * i~ < nl l.‘» i*N a t 

<1 iA 4 <^-a <J ta.j ihaJI (_5JJ V J »■> ' 1-1 II f-LajjVI (jl La£j .l^xl^jl (jX <jljj Iaa M l 
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u> 
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<jx <_il_i_j (ja_LiJL» jj_aJI jjJI j-ax d j I in j-Aj ^altruism jCLiVI 
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Lo _ <jjlxil ^ > i~ V d j.Li.ill (jA Ixljjl <a 5 (jl jjxi V Io-a^ . (jjj^.VI 
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Oi.lj ^Jl >i^.lj JjLLj Oa. j_i La Ijjlj <jT t j-& 6 j$L& II & j-A O jl^s iti a ^jAa.1 

5_}-oI jjs 6J^j Xj) ' II L a II >L .*ljl . ..II ^_o one-to-one correspondence 
^ *> i •% II (_i X jill ^ genotype II Ja^vll LlAjI lilLiA (jSJ < jjlSjlLH 
jfc >~i jlu (jjlXll <ujLjjL&JI ol a iii 11^ phenotype (jjjJiUaJI Ja.ajJl (ls^ 
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. jl ft 1 ilOUj liLljj (jl j> ft » 8, Tl (jl (jjJ ^ ft,~l ~1 1~^ I 

(_gj~ -m_a jjj (JII al n II jtjllj 1 — 1 8 »" (_£j-a.l 4 K <11 a 4-aj 
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I d * < \ J~ J^ 1 ' 1 ■ ' £-LLLs SLiaJI J-i-fl ^lc. ^ a n KioJI ‘<j-a jujj (j-* Ll-a^-J V 

jlj_fiVI tsS'' “' " £ ' .* * ' ad If j-'A < S-> j»_4l SLiaJI Oj-S (j-Lc. pUjJI jSl ul ■ j i a~t.fl.ll 

^ ^ g -g 

(MjIs _^LUI Ljjj I jli <(jVI Ida. . d a JjjJLgJIj (JjLSJI (^jdJI (j^ »l 

l>® J .'4~I ||| « u-3 jjA Oj-0 LaJai i ± ij -> t ,_jJ[ LilLi 

<1 at (j ■ "I I ' liljlLi (j_jSLiJ I jdJi Jj 1 1 ml '" nil {_ya j 1 * 1 ^ SdLfc jJ-ciiiVi 

jjJLi Mammalia ol^j *» &l ^jl . Lx I << >1 .ir> I^jLs o' 

‘dlld^ jxLaJaJI f*4j L*- 1 - 1 -* Lll jaa j*l * li*» II jX-lio (jl5> ld| 4_ia JJal J-Sl 

_ lL^ 5'j^ lKlj j /l^j -Lk jru D *£j 

_J S? ^ if 

Lilli <djiJI (*■ ' ‘ “ Jl (_j-i iLaJiVLi LiSjaJi Ijjj JjLlLo 

*-> ji 

ja.1 "■ ■‘•*1 *> ■ s-l itif. jJjS ‘(£jr* J^iJI 4 a i ‘4-3 1 i ia. (JjLSj 

!•*> .7,11 pi itif 4 , i n ti I (Jjsl jl j-i^i 


(jl J «3 .~». j ^ jJI ^LiSllI jin' ^_a pLL 13VI 3 j j. i^t~^~i I jU II 

4_ij^UI jj-al ■ ~ < ... il j 4jjjJol^xol O^l-i-fi^a 1 ^ 'i*S 1 ‘SjJlA. CiljjJI . I jJL=>. qJ^-* 

jc. 1^5JI»^ £-jj^<JI DNA liJI >_JjJ 1 g *w» ryj <.\ i oLj^j-oJI jl .4 1-^.11 c>l 3‘il‘sll 

<ti~i V I <i l*i £i LoLoj (Lullj 4 i ^ (2 ^ ,j<-» a II 1 ^ uijj.t.m ^.jJl «olj->jjJI 

lj.4 .4 jjL j j^j-La <3. \ II -3 ,-.t i Kj a II asJb o3lA jJ ^3 j .L>j1 4jJ-v i VI 

<|_tAj| IjJLk. (_j»j-J <4- vLa. (J^ ^_S LijU ^ K II (J-aiaJI j-4j <(_gj -iti i II j» . ^.‘i.v^.11 (jlj 
meotic i a ■ ^ \ a II a I ... a .VI . ll -v ~l SjUI ^ a . . . ~ 4 i I a f ^_s j i« ij < a ' 4_lV 
^j£. 4 *i i a i (j^jil »~i in i i^i i*i ' ...'i-a II J_ixil33JI tLiiW i Ladle. ‘recombination 


5> ^ ,■ 

•(SS^ *“'* O^ Ljj-Lfl lli<1 .(Lukil <jUa» II 6J_A <J-fl (^jJI 2 J-uai!l 

^jl J ^ 1 4 Lx ^ II .111 iuiLm U i <Vi LijJI ^ l < 4 \ i II 


LT^l <>“ ‘f’J-'fe- LT^i L>* ^ ‘A3. 3 J ^1 _ SdJLk 




j SpLUiVI S b±A (J-A / H JlLoC ^ jtj <xfi < *!_,>*> \ V V J~y~ < jLfl 

£ 

Adaptation and natural ^ j t k ll *1 l\ Wl j .. il£i ,11 <ulj_Lc ^Ul yli^JI 
4 \% *\ II jLicI i— i ^ \ 4J»I G. Williams ^ ^1 * 1 ^ ^L-k \ <s©l6Ction (1966) 

JUa>tfl (j-o l_>a-i^ tjd£- jkjJj <jl ij’ftt**- 1 < <a-oj j j-o SjLa [ja aj^ik. (jjl 1 g 0 

The 4-i-jljVI 4 'i i pk It j > o .7. II . .1 "» N II ^_S j £yA i « U II c-l a" ~'M 1 ' j jklJLt. ^ j) a~ I 
R. jjl <n~ ij a ...3 4 » <nl .j> i (jl j-.i ,->. II 4_i "j\ ^gjJI selfish gene 

‘ ...la 4 a i j U . S_) < \.4.ll 4J_& i jJj_a_ll j^j-la <(1941 aLc: ^ DawkinS 

( jzji ii. II f.UVi II jj-s j .t,~ <j^jljVI L^-sj-,/-."i (_i i iii i <4 ~i i II i i sSLjiiH ml j 

.jSlSiJlj 4 jI1j IkiUjj biosystem 


j-j-ujjj < 43lj xaj] <4_kpk.j ij) ai II 4JLJI jj-S 1 ^ lj.ll 4-o.ii-aJI ^-fl Cj_>S j 

icjjjl 6j_A 4_iJjj " 1 J 1 ■ j ~ 1 1 ^ If- 1 oLjI mo jt n~f.l \l- 4 JL 3 — o 

^ -fi 

' 4-ilc^J I I at* ...*» <LiAJ-ila at ‘ 6-° io j-4 infill plSjjVI -Li-^ jJ j. liJI 

-is L-vt VI Ijjt ^_a 4 S jf't j_a aUljVI S . v-a j 1 0 » ' -« j; > 4 1 1 II ,,i>,,L^Ji jjl 

j~i <11 a 11 kll a-LljjVI jjl (£j-> Dawkins ^jLi I j *\ , ti j 

d v \1 *iV) 4^jL3kJI 4 I /» «~ . ■■" f-Lcj ^ 3 II ^Kj ; jjUaxaj (<liaJ| j_A j <al 1 itiVI £_xa_=kJ 

jjjJ (J^ iti~ 4—jkC.l ^jJI J-1X. 4 '1 1 Hi . L4_^jLii ki^^i-l ^1 8~1 ^I* a i <(J^fiJI Ij-A 

J iA <1 (j ^ tl g ~‘i 1 1 J— a ^ 1 ^- 0 ^! i i 1 ^ * 1 * 1.1 i^gjJhUoJI I (j l-i n ~) j <l_AdLc.j 

■ ^KVl iii <*> k~iJI ,jl J&j£±au I a ><~ <LlC. jM\ 

t * 

(j-oj <4-'i ia.H (j-o Ij_»_>d3_i ^ ~i ~k J-Aj tdlij-i^U (jjjl (_gj )~i A i l n 4_aJij 

la-ajjl Cilj ia a II encodes _> ja 44-LaJI <lj Cxi^ J a* ^k ajl 
,-iM 1 . 1 » ~ II jf <5j_i_a_aJI 4 ~i .a 1 1 1 jl (j> m II J {Jx. 4-aj) 1 * n II (JJLa i(_gjJfcl_laJI 

^ ' i.i -k~ . * 3 k i ^,..'. U jj-S Jjli£ 4 \ 1 -k. II . d (j..ij-4,ll p Lsjjl 1 -a lA'il 4-aj!)U! d-i-p. j) lj 1 j > a I I 

1 L.I 1 I strands cjMVlL metabolism ( >VI) 1 i^LaIL_ujVI CjI \ \ a r. 0-t.i.i-Lj Ud \ f , 

( <Lli3j| .^yJtlll Jf^JI 4jla. ^yJI ^LLvaJI ^p-aalJI jjl 

(^aJI LijJI iiif. CiU-LUfl^ i^.t*i I j[ <iV «t_i Ur, 4-xfl V» til (6) 

..v II 4 ii-v II g.Lt,gj| JjJLj SjLc[ 6^U^. 




If- l-fl-il \ I SjLe| i 4 dLiJ-ii ]1 4 -lxaJI fj'J (SjJLk, Cl mil (Idldj-LS LiLiS LoO^J 

■) J s ^ _ oi * 

Ju - iTi j^-aj < J_i.u-i4~ LijJI (j-fi encoded 5 4-o jis-oJI j . jxljjJI 

(jJx. <1 a i a — H ^_s LV'A.i (pl i~! iVI aj.^ j 4 V i. ~v. II jiijli Lod~cj .(jajLtuI V 

•vJ (S 

jii id-Ul j pUj < ( ^aJI (jjl^JI |>.„>.u.-v Jj-o LoLoj (^_Aj <1$ l ad ^jJI CiLo^-Ln-oJI 

iftaJj jjjk Lilli j£.l^jill 4 illTuo ^jLfl IjJ (disponsable Jl.na* mV! jj >_» ^-jJLJJ 

># <j,, 

4_i^jdl - Jl <i»~ ...VI C*-i j-jlail S-is-o jj-A^j <4daJI L^-ij)~^~ ^jJI 4-o^jla_oJJ 

< j 

^jj| vij-. ji II c>Lo j>J» (Jl Jj <t'i i -Q1 0 »n 1 1 5l i^ll 4 15 ><~k II SjJIdJI 

s J J * 

ds 4 -id-a-ll d aj U a II j . idLiVI 4 _JLc 4 _o^ I * n 11 ^ (Sj-llA. 4 -o j) I » p II I o « j *v ~ 
LapLc.j j>— tua. OJ^J ^ * ' * 1 “ ^ ~* J-A LjjJI 1 1 <pI i~i ~,^U 4 iM ^ \ II S-l^a. jJI 

.j-_>kJJ JjUJI ^>iIHI 


jjjx-i Jj-i ^ylf. 4-1 j) «*i» II j_te SjLoJI Cijaaj LoClC ^-^Jl jJLxJI jjj jJ&J 

^ ^ -* & * * 

4-o j) I » o II ■*' l~ I j j K 11 f jJj 4jlS-oL (jl ' ji iL^_i jd * II jjSLo-i V S. lit » o 4-o j) !» ji 
Ted Queen qIj ^ -- 4 ‘s Lo ^ ^K~ lj_Aj .i_LS^jj V ^jJI LajI^Sj 4 L . .. 1 ^ > 


uP ‘qju-II u “^ L ‘J .j ^LLxuaJ I jIjillL VI. ji^u V j».ljjJI (jV jjdi 

4 -la II oldldil CijjjlS Lode jj-i (^ 1 (il ~ II j ij-dudLoJI I i~il 1 "k tS 3~' ‘" ,A 

Sj ^ a.j-o 4 . cldl^ ^yjl l^_i j i i~i II \ o i V ailko 4 -oj) 1 » o ^-ijd 

«> «• H J ® ^ ^ 

mi 1 II <Li^JI oLdil^JI ^ (<JlI cilJj c>la 9 jU . 3i iTi j j I 4 J 

|\ -> 1 A ^ -- (Lfrm 3^- ^-11 J J-dLaJ1j ^ (ALoJI (4 ill « 0 I JO » IJ I 0 d-H-J 

.I 4 J lo.- V 4 1 o~i ~k o cljLdl jjj 


(JjjjJJ CjA^JI ‘L^^ljj ol * 1.4 l~k ££jjl <(J«~I l~> n II j)il (^eV-iJI ^Ladll 

j^-Ui > ^ * \ \ -U H cl c ~ iM I VLajI ol a uux 11 ^ >*^1 ^guLTvl ol -sex ^ddJI ^Jl 

^ .*u j 4j.il ^ *1 » il l 16 JJA ■- j^v-C jjn i ~ki II j-Lu <Lf JjVI 4 _LAjJJj ^ ... 1 o. 11 J ...I '.~ II 





_>jjj (J-S t>0 JjJi «ulfl ^a£. J. m-n I I (jl LfJjl 

i^i i~k <cjIjLl 1JI (jjj m parthenogenesis jJIjjJLs LoLaj Laj_o| 

LiJ jj_uu jJij .parthenocarpy ^^.LLll^UI jUJiyi <_joLa. ^^.lc, o n “' 1 

jJ!Lo 4joLi cjIjLaj iil_Mal (jil <^L3JI (jjJI i-ijjJI c-Lijj^JI 

X 1 /■ 

<■ i-^.1 j jJI jjA * \ ^K*)* j . (Alchemilla) olj-i-nJI t_Llaji-oj (Rubus) jj » I » II 
(jitlaJI New World lizards aJI a . Jl olj l~> . n La^ »~»i <j-oj <1 

jj)\ >«*illj i Lacerta (_>niaJI ^y> ^ pall x Hj> II .~.l «l-^ ...^ iCnemidophorus ^a-m-aJl 
1,1a .Typhlopidae < L ^ Ramphotyphlolps bra minus ^ ,,»all ^^cVI 

. cilj (jn’st*. j> » xaJi a II .~*iI ai5C Li Atji <L>-i i*ilj >i \ > 1 ■ ^ j V j 


i /i % . ..'* "v j \ 1 ^" ) I \ i < /\ Lc. jj Jjl a ' 1 j a" ■ <■ a Ji <LljL» 

^ 5* ^ 0 0 ^ 

(Lu^Sj <C_>lj <X.I a x II ^Jlaj .iljl H J I (j. j i <Lijj 

i 9 I a A JaI cL^Jl-o i mI g-i */■* ...I ■ 4 _jj j_JI jij-S’ (jLs 

L 1 -LU-v SjVjJI I (j ~ r.Lln’i <||1-1 (jlj 4 1. 1 

s * S ? 

sL-=JI a .a ^Jx. \ u “• c>j l*I 5C <->jj 'ti *i~ in S j-aj .asexually 

Lq_a^I^-s clones JaLujj L^_j ^J l I^Isa <5ajjJI 6xa (3^ •' ^ ^ 

o^-Sj Jij-C ^j-c jJIjjJI L q-&I - i 1 ^ 

lj_A^ Li-m *t J-*“° Cy* JJ » Jl ^j n fl j 1 j— u i Ia V pLj^x 

jjlj pLj^L! ^^SL» La LJLc. <GV JoJLj ^ 1 1 

it j a-v A II jjjii-uj Llj Jlc. jJI jjj ^jjJi JjLjV I <fcj)a^>-0 ^jLi <(JLta-l <L*_iAj 

• jl_)5ILouVI fjn iAi 6JjLs (j-° ^-* .ijjljoJI 

« - * e 

6 jlxa <jJ| ^ ...‘.-^ II l aa S^-3 <^AX»a I ^lla^JI <IaJIj 

oLo^iu i^o jjx. <2 (J-j^^JI ^_a ^ j ^ ■ " Lo^ u . 4 irfVi ^ ^ <meiosis ^ q ^ \ a tl 
sperms ^LLlJlj ^gametes ^1 >cVI) germ-line ^h=JI JkA l_i}LL ^ 

^-A La i ^ j^j . £c_aJLLl1I s \ f ■ LaL^LL jjx. ^Jl jUuj 1 ^ \*\ 1 ^4 , a i > llj 

<LaJV I 6JJ& j j) L~ ^J| ^HJI LaaLaaILujI iJUJI 6^SJI ol3 <L^liI tVI Joj| a i A II 

uLm.ll (JaJjla ‘LLxj-uI^j CjIaJ^I j^Joaa JLlaa ^jl_c j p^ojj X.JJ V S 6 J ^ a a II 




6 ^). m 5 C 11 Cilj-JI _ 1 fl i( <« 6 ^-oJI <-jj| i *vJI <U 5 L aj^ H j <Ua. j^-uaSJI 

dl^LLol JUJI ^_A LclS ^ (j \ » II 1 j ^-J-H 

I# £ 

■ 4-n^aj <.»..4tj i V ^y^aJI (jilkU lt®J das. SjjlLo SLsKa a ^a»,j (j-o Jj V 

^aJI .(2000-1936) W. Hamilton £^jj_LoL& ^.LJ j I > ^ l^ « ^ II ^JLc. 
j-‘>-« j "i ‘jo' v II ^ lox .1 ^jk * ^ I .-j--ft R. Dawkins Jjkja a^l ■ » . > jj < * » j 
.parasites cd >1 >il->ILi ^.LaS a VI a o -A <xj~' ' .St-ilka II aa^. 4 jt ^jls <<jjjjla 
jjl ^l-Jjl (Lij^LaJLi <-~t- A. -11->I 4 -j»-x~>.'i 4_i^ij_a — » i_} “J I J-J-Sj 

<C)ljlj4Jrfcll inj ^jl {jA ^-aJI O iXi y ^ 

-g ^ 

Lcl^ \ o (j->J-UI u ^-LtAlaJJ itl^j \ in a II ^J)U I II 3)1 . 6 j)Jta-7fc- > <L$J 

^ ^ ^ ^ /• ** i^ 

^j-o Li^Li.^ Lacj^-tu Lc^_j i— ^ lioJl i jj) K fc 1 JJ a 1 11 Oujau 4 A v < 

( tjjg.il »jjl pi i aLujJ a II JjlaJjJI Dl .(j-uj^JI j-> jjlk t_ySjl <4->l 9 .1 ■■'VI 
.Sails js jj (_)( i'cv. II (jl C> ± ?- > (Sjjlill i_jjjaJI J^lS. JjaJI oljjli-o 4 _uiu ^aJI 

s' ^ 

4 4 ^LnJI ^C. 6^1 j CiA * "-»! ^Illl <Lul 1 ^JI CjLqj^Ja Jl 4_dl <Q^f 

.JjLui ^J| jLc. JS ^ 11 Ja-ooJI 6 J -0 ji 

DSL! (jallj <La.j ^J-S (-i ja D JI (J-a U^i»_o j-SjJ o 11 1 ? ^ oM ‘CSO^-' SjL-Xjj 

"i M S ' s' 0 s s 

Ijl (dLla £—a S ti l a I I 4 a 1. \ c 4 \j j -t a II . .... II . I fl >j ■ ^ A t a '« ~ J-5 ^jLi_iJI 

Sails II j3>-ii.lufc CxS^-* (_>(il^JI Dl C?l j ^ I m^U Jl > a . 11 jalUl Caa. “* a 

■ 4 S il <11 4 ' '~' 1 J~ . . , 1 ^J| Sa^JtJI !^ya Vj-i Sa>a-> 4 >■-. i~lj* . . .1 ^ I ' a U ‘i Jjio |j| 

S''. p ** 

f Ll L^_jLlj| <— 1» 11 (jA ^j| dJJj /L ^- v-fl A A 5jjJLkxJI 6 J_A 

. t ^ . K4kJ I ( jaj A <ol 7 >> <5^Lc ^j£. l^-jl 

t A) ^iJI CjLaJVI i^jA VfciJ (_y±'\.~y. II a_aJH iiM ^iJI CjLaJ^I m^fl £ja 

4 -jl ^ " i.il ^_Y< j 1 \ hlV\ ^1 *S **> > Lr lJI CjLc. a ^ A II ^jl .JjBJL-oJI J-ClJlJI L^_Lo 

SjLiAa 11 C-Jj-ikll (jlr^ .jJI^HJl qLc.j) a 11 ^2)-^ * *-11 cl>^L> J a 2 1.1 

■ I a ^ ij jjJ 4 j - l -uil i~ SJj-o Q- 1 -a.ij (Sa^ (_ylc- (J-° J (jk a i 

✓ Ji ^ J 

aj 6 j-iiaJI ^1 Sj-Lla 6 j_LL ‘S * «, t ^ J xll^jJI 

CjLc^ .a ^ a 11 in 1 ijjJl IL ( 3 ^ ^ 4 i ...\x 11 qLcj) <\ 'y a II ^_fl ^3l jlJL t (j 




<<jLxulaJI Cite, j o n II ( ,.Si jJljjlJ V Ltt*i r> I JJ5| <jj j-ajl CiljilaJI jl <Lalj . <a-uxl^.^UI 

^ i* o o , 

^ -^k J (j^ 0JO* 1 i II lo£) l V».t lU ^L&Jo I 1-kAl jl ji«J jl-lA ijjb jj_yj| O ^ 

jl I j . n'l^ V ^gS*. jfili! j *£ nj V <jl jx^. LF* ‘(^ J '/1<H <<jlj^JI Jjj-o 

J” * _ ^ > , , * 

back-mutation i ■ XjSU i VI » ■■■ s^ilo j^ <uluij 1 a. ■ 

sexual dimorphism LS _uii=JI J^iJI jrl jjjl jl .J-aia-o Uun j 

4-i^aLi — ij iLxAil J iju.i ‘it II ,J j i ii ^ ^ jjJI (just j_o diliVI j jjSAU i aiHa-aJI j g I~i njl j 

s« 

< JjlLoLb jLfl <Jl!LaJI J_u-lu ^l£.j . I.JI.C. J$.iJI J-i-oj ^iJI ifl^ieu-oJI ^AlkJI 

iS 

<S^Lc ^Jb <La.jTi ^ II Ja II j£dll ko jl (£j£ ^ H gilUj 

(_^ jJI - ^AaVI J-I5 (j -0 qs\ .^Ll^kJI j-o JL^-j 5- ^ > <Gi 

1 * 

.Jj^LJI ftll JjLo-o j P i h \*>C- II J^S^Jl)) j in ill Ja^i uo 

fjl^-iVI^ <jL£L^JI 1 4 ft la o CjLj j L-lu a j Colj-i-a q \ i\ \ *i •s II jt 

JjLiLo ^ixll :‘U-iJ-ua Cilj-i-o VI ^yiaJLj V A-Jjji-Cjl Cl V Li V , VI ^kin X-QJ .Cilj-i^JI j 

^yO SjJjLs jjl j j U.~l I I jl-aj .aj.l.A £| \M 8 II jj^XJ (jl y^’.P- I- < < _)itiaJI 

4_ij_A J y I I <1 L V. II a <jjj £-°J *? cibl 1 La. ^_o ilL ii^Lc <J ; ■ ■ ' I CiLt.t'a- 

<-LaJI CiljjliJI 1 Ja 4~i (j! i_i % ,t CiULuijJI i^ u L ry . l l (J-»^l (jl ^-A 

1 <Afl 1 C l^-J-u Jl jU < 4 ^ 1 ft *i I 


,^_3Lfl ^-.^1 j^l f ^ i^jVI laj jS JU J-o LSiUajlj 

<1)1^ i*” II ^_A t V ■yj ^gS ^_il nf.l <_l_l ^ ,c t 1 II ■' IjjVI Cii llttxl (jL^ <_£ j-l! i t jl 
yLc. l^-ljt-a jj (^s ^rj-a.~L~ cjjLj-< 3 (_j-j-ll <-ii-jj-sVI a j < L t I I ^js C'^i -> ■ ( _ ¥ -H-ll 4-i. i . fl jJI 
.(^yJ^VaJI Sji]l k, j jk-kj (j-S Cul^ Loilc I4J i~i <AjAj ,_^iJI iajj jAII 

' i. * 

iiaLuijjVI Sj tj mi — i_j_ S V I (j^ajVI Ci .'I ‘s < 4 .j m (jj) > I a 20 j_^Ji 

(jjij (jl Jj Vj .(j-ajVI Ci^j-aCi |»J .<jjIjj_ujI CiLUu iAj^. jljj-al (_jdc. SUajLaj 
-! ^ 0 
^ I ->■ « fLijjl ■ *• 1. ^ -^1 1 ^AlT. ‘<L a •■■ (jj 1 1 n 1 5 J%I J-^-£ ( 3 J- 4 - 1 I ** 1 ^ ->■ v ^ ' Cila-i JLi 




4 4j-v'i o J l IJ-S J-OJ lava 4 -±J^UI ^ A.y I I (j-O 4 X i.*t J-0 J) Lll *1 fl (__^CSj!vU 
<1 <J m-% Lx_a^_o ^ ^IjVI 6JJ& Q ,K gjj Jftj . Llj^_ij 1^ 1 mfc (jVI Lfr-Ja 

i 1 fl* * * ^ J) ->-&!! u» xujl i * \\c.^ . L^_JlC J a H-IJ n lfC 1 ^ lx> ^hJI ^jVt ^jV 

J> ^ ^ *1 

Great ■> » la « Jl ^ ' i^aJI <iLi_jla j Ls_>.a£. If.j ^ jJ_j 3 J 4 * j-aJI ^.,..aI jV I 

V J i/~ij <l_u^_ijl < 4 *i jj -i. II ^ 1 1 o jl^-e (j- 0 (j^l j~* n 1 (^j-ll < Rift Valley 
IjjLuj iJjaJi l~i >.La. 4 a 4" jxll ^ i> j-4 j .l_ijj_tu ^Jl _>xa>.VI ill 

O-LSU 4 I M J ~ ...VI 4jL*JI ^jl ^ 1 -J <SjLaJI ij-B < t i I I f^-a—ll u I C. _)Lta_aVI (j-o 

,, * * * % 

o'M (_>^ijVI S^jI ~‘~ a IjLa— Jul (£j -> ~ 4 1 iiij it<» « Li-ajl ^ i 1 I ■ ^ 'j '~ 

* s -' $ * 

^jAaj ^_S .~.l~l ii II i 4 _l1c,j SjL^j 4_daj j U ' - tj-« 4 I ^~> -wv ol *> t i.l Lxix Lc. jjj 

4-^. 4 a La J Cat* ' t-ll ^-lj Ij-A .(_5 j-^.I jj-S 4 I.^La 4-sLa. <£_3lj-«JI 

5? s 

jV /jl ^.~~ ...NMj, i 41 tX'i ,„^U 4 ^ j~ a a 4 i Lull i~ II iJjjJI ojLL Jj “ a .tX". , ,,M I 

s* ^ 

4 n nUH j^.1 H jif. s j $ II ( _ s -l c - jjLs _/x ^l£* 4 i,~k..ll oLijl^JI I'^lj Ix^jj 
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Cjjl <^Lo3 Lo <(£>U 4_J<i. Xia ^jJI Lfia J£ ^k -u VT. J\ J^aj 
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j-iSLa-JI jj-s ft (jli <dJj ^ ~ ■ ■ ' «» <l»a i j dJj Jj ■'- -- ^ ~i ft~ 4-ia. . j-l j) t t j 
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j^L>^ ^LklJI < uifl - m l Iji eJjUij Jjj-o JA-£ 

4 i it ft ^ 11 inj^ 3^3 ‘(S3 ' ^ *■ " c A 1 ^-flljjj-oJI chx \ 1 1 lj_»J-o ‘^-^33^ 

4-j-dl^j-ftJI 4 -i5LLoJI 4 JLaA H ^3 j-i-aLj <<Lj^-aJl jLi-oj^U <L>jl m a Vjl 

<dlJj J^ — t— L»jJI 4 i-X mU II ^.J) lx 11^ 4-C.ljjJI ^ 1^ iiilI <Lij \ 1 \ i-allj 

<Ll^ (_£jJI Lu^5u (^\ ij mit. ^ ml a. 1I j^-a-II idrt-\ . LjI luu cj^ 
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J_ki| ulSj . 4jjLflj) J* \ & J (j <tl <Q l Ml^fcl CjLujIjjJLa Jull-ft IjLi ^)U IIU 

jjl Jjlj _ S JJLS ■"> \ ^HJI JlLux-cJI JJ-C <Uj-fcl u j a (J-ftX. jl 4J-clC 4-a*-ua Jj-a. 

Ronald ^1962-1890^ j <? j-a 1 J juu II iilj^Jlj pLi-o-^VI ^ 11 c. 

l< j< a . jjjLo Lf^li ^^dJl fxLSjVI o! <1936 ^LJI ^ <Aylmer Fisher 
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* * + t> * * t. "* 
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(j-a l ^ ■ l L c- J«uaa. ^iJI 4 < ^uu\ll J-o 4 \ <<'*>'% nill <LLol 4 t t~k >1 

3 ^^Jt <j»-A CjL \ \ II pl ft 1 r 4 _j^Lj t a iti C5 ^v 3 .4-11 x -k Jl ^_la 4 1 ft r. 

Carl Erich Correns 0 ^ 33 ^ ^ 3 C i Jj^j ^ Hugo de Vries ^jijj 

^ Erich Tshermak von Seysenigg ^ dlojJLi dj^lj <LiLJl ^ 
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jl o t»~ a l_* . jLa (jlS <Lj| dJj , f J Lo_i <1 A c. (j_tj jljj o ',.«*■ S j-o (Jj.la 
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^lajl^ <iUJI *- * 1 aJ-La^ . ^j_>j intJI VI (All jxJ JLo£.VI 
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i_wi (Ol Jl iu ^jLaj JI^Ioj .Sjjiua Cilbli. j (Jijj 4 j5!j^$JI oLojia-JI (jl 

(ja Lot dUi (Psium sativum) cVjLJI lid <uldlil j ‘LaldL*! J_al^ 

(^Jb oLa -1 II & jjb ^JL^l . L;-i ^ ol mljil] 4aJLi-o L^-ja-^-j O^cLdJl oLi will 

fi ? ^ 
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f-jxiJI J <S|A ldm jl 1. v ~ ... a Lf-> j i ?> j <4_dl _J-a.jl jl cl iA i I (jj^S (jl (jd-a i 

«G-il!l (JfLcu J <clji_ua jl (jjj-S (_j-4 <jiiol jl J i^iti. 1 l ^ La j^J^I jJI 
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^jL-uj ^1 JlL 4-ajL5 4_Lo-o pV^LaJI pL uj -a . 1 .uau l ^-A^-a-j 
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4^.^j LaI . tsv. JjIjaJI lA^la_i-o ^jl pV^LaJI SjLis^jJI 4 > S a 1 1^ .^jaiLp^j 

L^jjLjJI jUjI i.j (5 j^-a ^j-lJI <S-aJaJ I £ jjj Jj-Lo IjJ 
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d i i 1 ~ o Ul jj| otjLi-j o 'y <S~ L^-» g.V> > ^liJI < uLijJL]Li J.ii-0 Jj j .o 


jVicI (_jjJI ^ ~- o » a II i_ij)l <n^l .±i-> ill j j_Lfi .<JLi!l JL^V i Uj^t> JjLkj 

l~~l mil . <1 h^^LttJI j~'~i nia <jil Jy±.ya <j| 

e-VjLdl cAjoj Jl > xsa ((^jUaxi i jJ^~i.>n~i l ^ ilf:. J-oju oljLijJI (jl £y> 

i-a Vi <t\ jJul£3 alj a . — . II fVjLJI oLlxjj frlj / A -% alj . A II 




j . JoiAA-aJI j JiljJI j ' 7~ (j ~ " j-a <LLluLlu |jj lillj Jju . ^jAiL-na.-^ II «f ifl > t j I « "» ■ 
oAlS- <c-l_>-& i«-> II pVjLJI £_o plj i A -k.ll pVjLJI j ia $ ~i t ^.li I n i A c. <JlALoJI |Jj » ■“ 
jil .pl^i_no (FI ^_uuL ujjJlj) JjVI (£jA-JI J-i- a JI f-V jlj JXli 

f-Vjt-i uJJJ-3. jL£ £_n I j in« I ij i a. II aj.il j \ -y. Q * j»Aj I /I. t\r 

aJLs <<-<ti a jJJ j >*i-aj (jA fll r \j . g-lj iA.ts. 1 g jl t_) j c-l j 4 n-i F2 ^LUI Jua-JI 

i_i m‘i llj <(JjLoj Fi n 't j^Jo -lij . jjJeuLI < t J u-i )j I g- J < A .•*>., II e-VjLxJI a. O-lLc. 
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I j g U a CiLul > ~i I I Jiljjl ■ a l~ II jjJi j \ -y j.llb Jjj-o I a J I ft .Lj_.U <_I-1-Lajl 

4-aj ,jlj < jj^>_ull ^-S l-iaul jtS lln n't <Laj jl iAI^JI ja jl£ij (j/aM i/t 
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. |jj_uiiuj 1 a 1 I All ■ ■?• J~ “■" UaLoAl 

. I _i I <~. J Jl II gjlAHll (j-Q ^-t a -A II -SJj«JI j_ji>Luj| ^jlc. < Li I A J Jdj-a 

jj-loSAJj . < .> m I <J-1-1C. i_Ui.uA i Cj1_)u .»~ uo 0-1 Li (Jl <LiLa. JjVI «U-1 jl^J 
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j > ' . aM ~. A. VI jl ^jAjJLsl ip iu.‘i II a-lj I ul c. J -a a ^_AJ1 6 -j..fl \ n II -llj_C.VI 

<^JlA-n Alji’ii plula-j -S^aj j£ Ln.-a.lA jL£ (Vj-o e-ljinoj t\j uA . a . gV jLj^ A\ nal A 
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iLLSJI Sj^aIxJI ol^LSJt « j ***>■ ac.» LU-w-i-o uiS^j .oLajJI 

Itia JI (£ j I^aII <_4jllaLuj ±i£- ^laJlI^qJI ((oLajl^JI)) \ ^ L 

^Jx. ^ 4 -v "v ^ oWwLi-ujI a . oULjJ phenotype ^ j- aLUJI 

6 J-A J J 4 A aL luVI ji ^ * ^_J j < <Lla_^.^L-o_U 4_L»LSJI o U ^lJI 6 J-A 

. Ja.'i/ Oufij ^ I ^ til _)UaAVI A_ua_jAj 1 1 1 ^ n II ^uLs jt i*-J Vi 4 ini's II (i^uua l *o t II n 

1 i t\ H r ^ ,j_iJi 1 g I <<a1IL^0 pLg_iajI oHjfC.ll 6 j-A QJ^I O-AjJI dlJ j J-Loj 

^Jlx. 1 909 ^lx 4_2fc.jJLfll yt-lU. < qLjj J- ioJI jl CjI \ X -y Jl ^ mL> 

.Wilhelm Ludvig Johansen j_uuAUjj LLij^J ^ 4 !■ j jSl^nAlJI 

tf Jl f ^ £ 

LljJ in nJI . JluL i jnjuo ^ \Jt , LL Jc-n. ,l jc <J jj i u-ojl Oil A vru.il ^ 8 l*i A^i II j jLJI n m* 
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plj. iA a_, II fVjLull ^^sljLA il^ .alleles o^LjJVI <pVjLull <-j_a. Li->-l u-^ ^LiLn 

.pVjUl jjJ (JjJxuaJI (jjLa-U 4 1 1~ A-a O^LJI J-n e-IjiuoJI pVjLJIj 
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s 1 f 

IjjU JxIa 3jI^ . Jxio Ld Laid <1 '.3 f-\ J .<"!-> II jjJI frl ji_^m ■~»l~l »‘>H 4 ■ ■ ■■ • 

e ^ 

J j ^ “i ^JjC^ cXij .\ Jd ^ cA A-uj J <1 Mill Uj m i .11 Jrxlo ^v-o II I tv A ^_Lc 

I_ i -I.ti. '> I I 3)1 4-ILa. ,J1 ,\Ak.j 3)^J < ^4 a_ 0 jjj 4 _j_Lj olj frlj-tA.^. sYjL) < JIA.A.H 

<* & & 

<<LAdl-t^^.y 1 <Glo_^ <_Lfl j-ulo-fl JJdx ^ jJI i^JI LlA^ . 6 J^^-o O-jI^ j*Lali 

<L2fc_ldd l -lil V > jJa AJI — 0nll\ 11 CxA-t^Oi II J J_i_c. ■ t au II 




Cilj pV^La-II 4 t -k iTi ~il Ijl La ^-4 tjjjLoVl j_i^ 4 aJI ' jl < a jVl 

^ ^ jj ^ 

. ^4-U_>JJ 1 J ' ' ^ — iLLo t6j»VJ jl a l ...In M > ! C IHN 1 II JjiaJI g L ... 11 

jjJI Jjjx (j-i-jl^jJLj J*i"< n~i L^_j] ^ *< X a t 4 1 1 ,\'i-a <jlj^JI Q mil 

jj-iJI a j i i'V II SjJ-ui.o.]l jvjjlj jj-S 4 .->.. .< ju> a 1j_Lul jJj>J J .<Jba_auJ 1 7 it iM ‘<~i •*>[ 

Carl Wilhelm von ^ l * «l *« ~ ' C ' \) lJo^ ^ ^ ^ 'V ' oLxaJI ^JLc l ^ * jLiiil 

Jjjaj jl 4 j1x gjjalj (Jjla g a. ai 1 ■ f J~ -^ ' (_^ill < g_u jj-a 4j..nl.->. j)-a cNageli 
i_iI_)JlJI 4 -t. . .^. -v^ j_4_i*a_ll <L_i_ji_c. I— ^ j-a Vj— i !_)jjjJ—ij pVjL 1—11 j-C. 4 — aI i ~i jl 

(_gjj * II j *»l ^ ~ li ■ ■ j l 1 1 A i j M *C ~ ~ j a ■ — . 11 <i i ii_c. ji j. > .£ .(Hieracium 

. ^ilj^l 4 a_>ki oLSV I ~ l ■*’ V j (^-au.wjUl ^ 1 ) parthogenesis 

a j. A ^yJx. <UjL^> j»J lajit*. islisJLi La Lc^J j* <n _L 4 (J. lia jjSj jl J-i Vj 

* * ^ ^ 

l -L^l a| IJk-L-N A • ajlial j_uLj jj-S .1 i*sl "< ILi g Laj jiJj 4 <"<-< jjl <L i i t i » Jl 

» ■ ■■ * ^ll\ t(phdSBOlUS) pUJj i<~>l <H <G-ij j-a l^-i-Lc. (J <«-<->. ^^jJI gaLiiJl i mm 

Cjjl£ L$J I Ml<~ (Sj~\ *■ 1 (lA^ ClLi l^->.ll ^y_S l~ll ~\ L ^»— 11 ^yJC, J.\ \ ^ JJX. 

.aVjLJI ^4 I J_a. 3 -V . Alj . ....'< ^ln >j« <11 v_i_mi~<H 


I fl 1 a a. a-i ■-■ "■ » I 3 II <!ilj^JI LSj^ ^ ~ 'I ‘LSjJjJI g. a> a Jl J_^a dJljjAj 

(_)Aa_i Oljj Cj'ij ‘( Sj ^ CiLlxa-> Cil '< < ■ •% I I > JaLijjl i _ i \ i hi ( <- j l I J < - a 3iljJ 

* * 

■ <■<»" a . ~il.~i i II ^j_o J U a ujjj jjX’ 4 . 1 — ljIj) mf. ^ 'Ll V i~il i -i<~> II g Ijjl 

& 

Until C.L— O 4 A ->.U ^wO L^i Lr ij_a_. .pleiotropic pLaV>VI 

cjL a— auJl ■ i one-to-one L >jj_s 1 a < i..JaJ< < 1 (_£^_ua_*_l! (j-jL^JIj <^^_aI Ja Jl 
< () *sl a II 3_iLij { j-& pi j 4-U II < Jl \ a 11 J < _< m ^ I » a .ol '<_< a II j 

^Ijjjl jjJI i <t_ijlj_jJI Cil— auljjJI (j-a j- iliS jj -4 <_i_ui-ijjJI ^ j i<~» -L .<~i II < Drosophilg 
V <C£>=^ (jjj f( ( _ r » ; ijJLa Cjtxaxi) <j^j-aJI LfjjaC- ^ A-L*i I I 

^ : c. j y _j.tj.JI jAj.i ijLjJI jJLLj La->|j '£j ■ * *1 ai II (j- a Lac ^)1 *vl > -%. II . ni i 

oljxiLj <t a. 1 ^■ - <-'> « < *<J-> < ui ill 3 1 1 <*. a II 4j|j^J| qI jjL yaa.| .LAj^Ja 

^ jj tf 

Lj^C-J t L l L-A. a^)_) jja. jj-°) *t xjLaJI 4 Ka II (J a..7t ~ <(JL°i n II J.u mi ^-ic- J 

«•> 

<Li-o g,”, t ^ Tt 1^-U 9 J 1 1 ^JL \ \ 1m II <t 4 lAjii’i 




4 Q^l a II 4 * ii,\ II ^j| 1 1 f 4 rtjJ X J1 Q 1 1 i fl^Jt iaJ I J^o-lJI 

-** 1 ► - - * 

tt 4 t ^.1 Si \ ^ I \ 4_LLS Ca ,*ti t I <tt O- 0 4_lo_S ^JLlI <J_aJV1 

* 

I I 1 ^ ^ g ^ lr> a i Tt tiln 1 1 ^_»1jJI £jj A-jJlJI (jLfl liUjJ 4 AJ. i . Cj^-o_> 

< » ..<‘>11 Vj-> (SjV^JI <la. j_o ^yJI J <o~j jJI (jj 2:1 ijj i 'u tTj Ttj 

. (2> 3:1 


<j! ^J1 <4-1 '“ ^OAJAi Sj-O ^^-uO^-gJI UtAjJI C_Ls^J 4 U \ 1 II 6 j_A t\ \c. 

* * ~ $ * 

Ljj-iil jjjJI Lo It JJ 4 i tl i-n-ill i_SjjJaJI (JlaJ t JJjaj (jlj <<lj jilj jj^JoD jlc. 

i‘ll <11 1 plj^.VI jvlc j\£ <cAj-uj ( ^y£ Ja-ij Jjj-o Ci U>-t .^Lo Cul^ LajJ •L^ s Ch® 

. <L> jy_ojjj Jjl <J l Jt lio ji.1 Lilujl 

Ernest Haeckel (1834-1919) J£lU c— ij ^UJVI *L^VI fl* ji 
.phylogeny c.VM-.^JI jd^ ^JJa-ua-o LjJ < <-j J At ju'i (jl jJ. \ y II 
ontogeny "ciLijl^JI jjJ&j ' c - 11 tji ^jj-slj <^jjJJ ^jjkjJI ^_jjLjJI al "> » aj 

i oljust-JI 21 <4Jj_> .,\ irti < . CjV ^ 4< i I I j jk - ji If. jLk_iL (_y^ji.L) 

^■jusl Lo£ .£^jjJI j j t-~ J <L*_ij_lu Sjj i <i jj- 4 Lojl ji a. j II Jklj aj^j fluil (j-iiaJI L$J 

jij-iiiC. JJLj S J. ik.-i olucljj liiljj (<».a.>.iJa-i Lj-a.jJjjj ^-4 4 ml ' m II Jjl Lua.il 

jkl_*JI £-_>jJal ^jLJI (jiLilJI ^j-iJsjaj <lLxo ji£\ j_a-j LJ lcj . <Gli j ^.Jc < j 111 

J« 

.31^1 aJU ji^iyVl CiLa J ljt-n ^ Ic. ^_g J.~l ~>-~ <Li^.jJjjjJI LMiJ! (£jj j\ 1868 

^l^liVI lla Walther Fleming j-Lafli ^^LaJVI tL^VI jJU aSj 

vtiij ^_u ^ 1 r ^ j ii ^J. Ci /n ...II oUa^j LliU. j Jjl 1 882 ^1^ * ^ 't. ,<l I 

jjJt. pljjj .^Llx^JI (jAj i (j^al jjl * rod-like oI^aJL 4 ^i. 4, 

1889 jilt Wilhelm von Waldeyer ^IjJIj oji * 'j Lj ^ _>I5I u « l .t.~< yi lia 
. <3> ((2^1<JI i maJ I) Chromosome ^aj.^.11 J ^j^jjSJI ^1 

. l iUflH Jjj ^IjjuIj <J <5N-C. V <sk±A c>l J jja^jLo liJMlLa! (2) 

.1891 ^vlc 1 iAjl jj A.U l <plajiiVI 4a. A u.*u j^i UjL ^Ulj & (3) 




Lf-jV (LVJJl (_5jj CiLa jj^-ajjS.11 jljx.1 I 'I Uill i_lA_poJI (jaj 

(^LkiL3. i VI 4ol af- Ijtuj jl ^yJI al ^$jJI pLcljI (_j-^ ic. j^oj 4fajl_4iILaj <Jj.l ~k a jj£j 
CiLaLijj L> jj CiLjl j) i -l aj »" » '» La i j . ^kl— ..I a'lVIj , ar.l . A~ II i |Jjj 

fist 

j-a La>jj 23 I t_i . ll (2)1 jl :l '> ijJ La_a (J_fll Ci La 1 j-a JJX. (j-Lt 1 i iLua 
(La.jj 22 |\ Jctl a InJ i t dJj £-aj .JoJLa j_g_)..i,tkC. (J jl i a II _>Ls I a. 1 1 i (Cil >■» 1 ici II 
J.'i.al.i jl i_u «-kll ja jl^ jJLs <4 a ta-a.ll .La.jj 24 (j-i_a_ a lj-4j /(j..UI U .llj 

jjl JJjJI jjLaj 4^.1 a i 4j| jLi _jJo .iJLlcI jJI CiLa jjj il JCC. jl jl ui'iVI 

(^ ^ .u-l II JJjJI jl jvJj f^La.jj jjj_uj£j 4j_ijl^ ^gjal la itill <*S I a ) 

JJ-c. jl O— i_jIj ael ^ ^ U S jl J_* — i VI ‘ j— >j — 4 j r. j 4 _jV-j (_^l 

.CiljJLi i 4 -v r. V Ij ^| jJL > .t.~ II i <] <SjLt V CiLajjjajjill 

i 

. ~il ajj^-aj^ II ,-.i K |j| La jl dL-LlI f-l > ^ N f l pi a If cjlljl jjjJI TsLLaJul j 

L^I^JolL Jj| oLajjj^jjUl eit c -K-v <1902 .OjjJl oIjjI J*JJL> ^ 

jjsj (Walter Sutton ^1916—1877^ j^Lia _pJlj ^13 Lault 4 ilwall Oj^JI ^-a 

I ijl *t~k-H i al U *1 4_luI_)J_> (djj »j - ■ Ilia 4 X al •% yj j- a JLj £ jJ-j-a i_ 1 Ilia 

4_a_. _>JU1 Jj (j ...II (^J j. .t.r.j ^jJI Brachystola magna j^UI jjCaJJLj) 

I (j ~ >jj jSLo-) " H 4jLajjj^a JJ^J ajjjiJI ala jl L. i (ill i m*s a ll_j SjLaJLoJI CjLiV^JJ 
(JjilL J_uaiij jrljjl JS ,7. J l jjii (_ # -jJt L^JlLajjjaijj^ jl ia-jj (( Jj-L*_o 4aa.^a 

9 ^ } 

I Jl itr.SI ^ I C (jllal J-Sj .4 4 LU— a 4-)Jj. (^J| ^-^1 ** ~> 1 i -'-J ^ 1 

(1 91 5— 1862) (_gj-j-s^-i jV • j-? - uj->l— ^ 4 _jj-Li_i j»_^uj| jj_»l_uj 

‘j >11 j al a (jaijjj jl^ pLl ^.1 jJLc. (Theodor Boveri 

. j j"l -p ^_a 1 i ij(*i 4 -ujJj CxS^I (j-i 4 1 1 1 9 * S 8 II (lU a t jL^ 4j| 1904 ^l^ (_$-* 

4j1 VI ( Tvdafi ^JI jl^iVI <_)-=t*j (ji 2^*) J 

• j^ftill j-a plij-iaaLi _ 4 la Al jJ^I lj-4j - jl^ 

j^lt 4jj-a^»_a Ci tl S J, ' ~i a Cil. Li.rk jl ‘i~i m‘i jl I \ iS a > 4ja.j-aJI aii 
1905 jkLc. (_^J-S (J-lJaa. jL ic. Jj) V 4J Ij » ~ III a ^ II * II jl^J ■j^jLiii Ci La J j^J-a 

genetics 4 jIjjJI (> I f » IU u~i a William Bateson jj-mJjLi *1 » l <j ^^>isl 




^ ^JLc. <Ad3m Sedgwick jIjj -^. j > m jxljt dJI—mj 

<d_s j 1 ■■<! iSLiiij jjl i)~" l)^^ 1 1 906 jkLc. Liic. j^a j 

11 jji-a.1 <d_Lau da-a jjfl-a.-a.il u^l j> I « I I jL-aj| d_i_L <^jJI La-Jjj 

I *>ll aft jjt ^ a<T . Laa j i m i ^daljjJI ^.Lc.^ ^ LU-Wi-all jjt A tl-t~x jLa jjai I nfljif. 

/■ e> ,.-'V.M ...W I i jJ j i j i a I t jji.1 jjjjLAJj : jjJljJI j CljjJI Sj_aUo i n-ijaJ d-aujSa 

■ -.la. t L“ J^aj < ‘ a . *. ■ -a~ II ^JI.C. j jjlrt til jt jl » 1 djjlajJI jjic ^i« i A jjjLj jj-a LflJ La 

. ~ il " t t\ ^ oLjl J i<v - ■ ~ * t LC alj_LU /■" J 11 ^ * lj . i .. rt 1 d 1 1 a a II ^JaLixaaJi ^-ic. 

jjt Ujlc - ^ U mi l Lfl-aJLcj dSljjJI j»-Lc u* ^jA.1 SjJaaa. |Xj£L> jjt Ja^j 
jl jjJalill ftl <nftjVl La_A d _t a A VI LjjjJ_£ ^l ljlar l|j _ t lf - (_g jU7i *L-i£iVI tJ _)JJ 
at . . . a I j, a i..-s. II l >*\ 1 -a. ^ d * a , 11 LijUJI a i . a il ,mitOS(S CtM^I 

Jj-fl ^^jIjjJ-JIj ^lilllj (j-ajdflJlj i_aLl*jJI) l j*il^£.^l jjjj^j j_g] tmeiosis c_4-aoj-aJl 

' » a a * Jjljj . JjLiLijJI J-*- ‘I ' aj j_>La [J-&J CjLI j_l=JI ^d i .,i\-a II at iAc.VI^ J ml \ a 

* 

V >-a d ■■» ,^a d (t ... A ^ ,.,‘|^ II jjJoj J * -v* ^jjl i_jla-ijiVI J^t Sjya-VI d .1 »< II 

(j-o JJiL^JI ! j_A jA-a lJLLa ci>^f (jf j ^ i < (> <3 < I ' ls-^ 

“‘ a da ■ » U II Q -t a3jl Jit JilUj J .^1 (J 1 1(^ In ~> 11 oLflt -a II 

^ & j 

( > IJr»~i d 1 1 »f J.A j _ , a .^‘i a II -^1 i u i >VI ^ \ (L^AjLc. ^-Lc. at i ' a II d * ^ * 11 

■ d -A -t 11 J^f.jj La*l t'vj ^yj-a !^|, Lvi - ^ I >~itll al ...a'lVI < \^ Ji d t~i m-s ^JJt <Lt.-^t til £yt 

* * 

L- a a ^Aj i_S J_au ^U.VJ ■ -»j I jj > > II ^_t I i»'l«* LiLlA j- ■ I tjLlAJI lj_A jjl 

^ 1 1 III La jt ^ tj I n j n j tl d_J| ~ ~t *> ^ jJI jjJLlLt ^j-ilLtLaJtjJ d -lA jj-aJI la ^ica^JL) 

.J-uatUI li* 

. ij-r. j,i y II Lj_MAJI £ -itj ~t~ jl ^ In i-t. 11^ ^ I \~i t II ^>1 -in t Wl jji. j\ K\\ I <Vj1 

5_>-ir. (^a ^ iA a~ ^ La^ <L^J d > I -t ILt 

^ «* 
djV flj^a. jt-U ^ t t~rf>ll tlti_jJLs dLlj ^-aj .^Ij’ttll ^ I ■ . . a \*y I (jjs Llj^aI 

J^LAj ■ lil t'l l djXaX. J a t * SjLaJI ^j-a j i-Jd.-wj dJ^Lk. 

1 U n <d a a 11 — I r_^ li-it d ~X l j L JoLaiuJI ^xj 1 \ |t i n~l I jjl (JJ jjl I j A a L. a A 

aa ^ ^ dd 

d-LjjJaj La-^jj i^j nif j dj^Uj d » a -a a II ^1 ~i~tl ' <~'l >a > 




<(2-2 iti 11^ |3>l m a *iV) ?.j_) j-'i f . j . < i. 1AJI *La_il ^j_s SjJL*_o 

^j-S J& iiLuj^j i'I j - v~ 1 1 IjIjjlLujI .1 j] ...a'. ^ 1-f- i al a~> IV I i pi iA i i«-Jl 

if 

^ i A jjj ^ i \ «-i J I iA i| ^.^caljJI £y> »«<■-»•>« . 4 I j a II a j-A ^ j .Cii-ALaoVl 

0^ & & & £ 

LussaJI Jjl j I mi"» /j i < I’ll n*i <i jjjaAa-j ^ya LiJ_^-o > <«->! 1. , > o (jV <->J-qaJ 

* # p j S a > 

L*_a ^ <chromatid l-i> » > *<-> ji Li-ua l ° ■* l « p * « aj^aJ jJI « ..." 

jjui X 4 1 ui i Lo K uii 1 centromere ^ ■ In 4 !l ^ « m*i <L5Joa-o 

Laj!>li j otjjSlaJI Ljuo g-ojjjj lJMaJI J 1 t iillj Jjlj .<Ja^ 

( j_u a oL£^JI a i,H« n II ra_P)-a_]| <L^_j 4Jo i-^aI 1 cy top la S rp i 

1 0 . 0 j p>c. I ^ Jjl ti 1 .^s II Jjl a ■*• II jVI J <a-i 4 1 t . 1~> Jl 


t Sxjj <(<LJLij^aJI mi 11^ CiLij i^-all 


o&i JS-ATJL 1 A v Lr%. p-1 inf. 


O L JLua II (jjl 4<l ^ m" i a '^‘ v ^ ^ 'A ji W pLj *1 c 

sf ^ 

. 5ja.Ij <Lxl?>. VwU ^jllSjUal^ j 1 ^ ^y£\ Ll^jJ 'OJJ <4fLaixJI 



<_>lj_Ji - jj Q *1 U~ a /j -,,, \ ^J| <_>.! 111 ^ 4 1 l~k ^LcuAal jl ,1 ,>*> aJI ^Luiiu VI <a.La X . .2~2 ^Jixoil 
*.1 < ..Q‘iVl Iwi La die, j .(<UlLljJI 6 j^JL» LlA 4_tLa«aJI^ Si^lJI ( J-ol^ ^^9 6j AVjki olaXAu-oJI 

LkA Ju&t iii ij Ja ^ t— rt a U X 4_i_i^i_> Lot jji a.1 i» ‘ ^ ■ ■■' « » 1 j < A> * t ^ 1 f - pi II c. ,fl xjj 

* * * „ »• _ 

i^-Lo k_flJLL» ^Lxxjl^s <j^Li 4-ila* (jl Laic, f Lfl 8 (j jkjJuu*a 

(Jla-ljj <sS~* 111 A ^ (j- 8 ^i>VC> . I ^_t ki 9 H J.I.C . ^jjljun.’La (j-i-xi_U4-o ^jjJLuj 

.4_ilkJI Loj^Lijp.i io j^VI l n ft, .1*^1 (jIjlajlajj < jjLiJLAj^aJl (jl fl lull J pLuJlJI 

# - 
.51^ (J^=k, (Jj^LaLjVL pi mf. Ij-MJ Jj J-2^. pLitiJl <liUj (J-irfl-kJ LoJJlCj 

,j »~ » 1 > (j^"ift>lIskxo diploid (jj~> 4.c. LiA^ jj- >" » 1 ^.ic. (J jj oi Ju «J1 oliJ J--*- >" < I^a2>>1 

.(J^-aVI *LxLx j)-a VUj I a ^.j. 9 oL » j < ^l l 



. J< nil ^ juLox. <meiosis * ^ »*-*> \ .o II o >vi ^jVl \ i.l 

!jjb < i jl ^ \ I! 1 j 1 L t -x jjV i..>-1-i.jl jkLuxiiVI <j-° < t I. a a II * j-*j 

' TS 

<_Lal^JI «Lc ^j_o_a_aJI ■ ^ If l^‘i« l J^ ^gj)~ ~x"» <Li^Lk. £_jjl -iti* S_>j_j_uaJLj 

dial <}Li3 SjjL*-£> ‘LlLoaJI 6JlAj . (^Lu-.Vl JaC. 1 l» l.u-1 Jjjlj .Mf.J < • yli; ClI l» ' 

IM ^ p 

J^lj £jj Ljj^J d. » -. t-a > <3 — 2 ^y-9 Ciljla-^JI A-l A -1 (j| t 2).A j .t A . ~> .AxLj 

1 aj'ic. <5ljlJI ^Lajj <1 xj d< .I a pi u i^jj^ <<aIjaJ 1 ^_a . pi t» i 

jSxj 4-La. ^aJI a . \ A j_y‘ *' *J 1 il mi /y-* <i 9 uaj n II d ... a >V ' ij_u 

^ ^ ^ 
jj-o Li_j^_o jL. Q An.~> tl jJb i Jd (jl i_i j)*s 1 j « I I I ^ j 

(£jL*JI X ‘ II J X&. LUA 1 CiLoj-luaII -La.1 JlIc Jj 1 ' (j XiiuucO I 4 i~< 

^ I il 4 II ^1 i h4*iVI ijA i LoS LoLsj <Jo j)i-i-fi-all 






>.. fk ni.fl.tVI 4 ~s\ j~ ■ ..1 jX. VI JSLii3 (^1 * - a \ a 1 1 ^ 1 ... a \ V I <LlLojC. 3-2 Jiudl 

ajjifl 4jLi_to crj~ ^ " L»3L^^ haploid Sj^i-o L»3La. £_^1 ^Liaq 4 >. I 

* *» „ 

^-fl CjL»AXx<aJI ( _j^3 Jsiifl 5^6 .j*Vl CjLxA >-L<iU ^Ij^JI t 

^y.VI 1iXi-> LajAx. 4 _j 1 V| .Si jlll 3-al^ ‘ t '“~ x ** 0 jLi* 1 II <<_j| j_JI .fVI d . I ^ II 

lijiAJ LaS! LqLoj > fl H <JjL»_uaJl jji-AiJI £ya j pi Uf V JjL&X-l jn.J ^1 « * A .^11 , fl“ I t 

SjLJI J jLiHj j <_j^_uu J a’i’t" 4-iJLj-uaJI jji-iii 1.1 iLUXoJI jrl^jVI ^ I »** II ^-1 ...aiyi 

^LmxAjI JjI ii> ill I4 |A» ,t i_ajL^j 5 JJ-a-o 

f \ “ l ^ > l *-i-U3 (^Jj .£) \\ k y * st ^yix. I (j ”> ft ( 5 : jf> ^ ~> 3 _~>J I ^ < < r» (li-A 4_L_*^alij ^-1=0 V) ^ l_**ifl 

L*3L^. (j-l*- J t <jl_^_ill .Sl^j ^t_wi w^ll <ju 13 s3-« J 3 >Ij ^ I »*> ^ 

«4 " < 

jJljjJI .j.VI < aK . 1 I jj-S (jjJj^.JAjl (j-o jjja. J-* u -i jAQ Lfi-o JS (^JA^ 

^jJ-ll ^j-9 -i^i-o«ll ^ ^ 1 1 4_^a J-k~ij <<■ a^Vy-ftl! ^Li*iJL>3U ~>l ^j_A _ Ldl Ij ,^l ^lil — 3)jl 

• >.VI jJI^JI 4 jUj»j ^3JI t ,^.11 > ^3J| j\\ V-w I | ^ tU« > 



i 'j * > «~i I I jrjj j—o i— >VI dx- 0 Aa * i II £jj ^jVI dj ~i j ^dJj £—oj 

^JL±ao Jf> JjjSaj .i_iL^_oJI ^-a'da. <4 a£u <JjUaio 5j^.j d )- 0 A_>l jJI 

F-lj^VI 1 (_jl) <iSjJaJI CiLoj-Iuill ^- n i ill <<iljJal Aa£. ^j^lll i_S^LiJLi }L<aaA-o 

^ If. i. il a in H i :La. . Wl 6 J-A C) I >*i~l II 4 I ' inj J£.[ in') J a" ^ a II ^ylj " SjAXjJI 

J a i <La-o J J xi n (jLi i-uajl 4_i£ CSA-lt ■ ~ > 4j) H (_j-*J .jaaYl <4 -ijJs 'la <1 

£ 

SjLcJI £_o i_iVI aLKf.l Id JjLoaJI JaJ » ■■all aJja-^xJI ajLcJI Jj-i-l j jjL&j j JjLu 
4ia^JJ| ^_A adAj Aiiac! (_£.ill ' i » i 4 «all a jl-iL'i.o II djjaidl 

, <j j . At II V ta II _>jUuJ 1 I (| <a . ti, 'a i 

«* s 1 *> 

^_s l a ...l ^ I a L t *4 a .ti" ^ ~4 II <aj-A crossing-over j_jL» *> II < \ 1 o r ja_ > 

La£ *" ° l~ ~~~ a d xHaJLla d 1 ^ l '~ > ^ A W dh*'A >» >-nall Lajj ua mi'i ' <4jj-4^aJI jtjjlj 

U „ 

<d-° £jj ls-^ - ' ■ ft 4 ^- n d j'j ' deJ^ f' mt'i VI (j-s 

. djj jAJ 4 , Aj4~~4 II ^ III^JI ( j-S « d j'.! ‘ ^ t~ 4 -V 1 1 «k LjJxSjY l )) J_A lj-Aj ~ 4 I . W T 4 . AA II 

* „ ' " " t . 

(jJI VjaJLo 4Ailj_l » 1 l/~l II ^Ijjl (d-° l_ l -4— 4 4 4 tj K<dl-J ^ - U a ~> . ^ L iJl.a » l» JM_dj 

4-4 4 1 a t II ^ya X j 4 A V I 4 Ua~4 II Cif. .<jjljd| LiM-d d^^ d-» jai c4jjl_^il la > 

Si ^ ^ p. 

SjLa-ll dj^j <1 a >1 441 U.jJ cJil5> a 4 Xa.l j 4-ii--^. d - 3 V 4 A 1 LdLa. ^jl LlJ 4 .>J ^ 1 - 1^1 i 

JSj . Lg-lS> LMdJI A3 d)-*^^! L>° <Li‘n^k II 

frVjLiJLi ^j'-'l - 4 II d ' t*- -i 1 4 X 4 ! Y Jj-WI (j-l-t- Li^-dJI ad* d-° ^ j-l*a ol . 1 » ' <<~4 

(_^iaLiJI d>A4a_U ^ *»~ a II y JjJVI s _ s -Lc. C<l a j i , > - t4 a .iij ‘.e\ j .i-u', I I 

j_a j . <QSaJ^ ^_S (j-Lc. d-Ajjl S& J4j-j-a 4_jl jh \ dj^ J • ^ J J l ^YjLiJLj 

^Jbdj _ d)- 0 JLfc jaS <-04 - p U II J^a.1 <-=T.J ^1 4- U-^ Y-aJI dJ4j 

4 ' J ... - 4 . 4 U, -v M a 1 - 4 - 4 . " d a^ 1 d' d^ * 1 — Li^dJI I ' Ij ‘ ' 4 I I -s. I I aJ-A 

. <1=0-4-04 


Lo 4I o ^ I jl . j 44-1 11^1 ^jdj-o d^ d)dl j 1 “ I I £■ j-LJ d^l d^ 3 - AfiJ 

S<jjI_)^JI 4 ~*l -aII ^jLaJI ' . .4-4. A II Lo ( Lof v*il!ij S Jilj^U 4 4 1» all ajLaJI ^-A 




CjLo j_o_p 4 til i n SjLo (jl (J^yjLj ^!Lll Zj*\ t II cA jxl'i jJLl 

Lo j .<iL!j j±c. <j1 (j *^ i V (iiL^lJI ^j . s <jl < ^ i tic . ^ m i l I I (jjA!l 

jjjb oLjjj (jLi <liic.L^«aj 1 902 jklx. i^j-a IpJj ( J^-jJaJI <jl 

JJa - ft J) m>\ ^ i no m ^ If. SjLc <.&7i J-Q <lL jL <LlJo-»-^. 

jLui 5 La£. Jjj^tdl '> ■<«) L i.*i i ol 1 jAaa (j-i j m f . jm (j-o <C.j).n-^ o 

<<iijlj^JI CjLo < jl Jjij 6 ^41 1 

II (J-uj jLuj i_S jLLaO i. jJlaJj Jja. lj-° (JjLuj ( jl 

L>jLk ,_£-s j i.t« n jj) i A -~w tilljjk (jlS <&jL£j[ (j5[ a t V .*La*> > «VI 

s* ^ ^ 

(jl^ 4 j mi "i n i Lil^Lfcl 11—1)) ^ jii <P(^j-aJl (jjs 

i* i* ^ 

(jl^j .LLa-V Uj£j <_j.lt <_jjJI CjI^jJI (j^> >a.l (>o Jof^- (>o 

4 la * ■ “ * 4_i i ^_ ll_l!I 4 % «v I * II \xj I^jLij L^_jL_i 4-j j^jJI (j'^J -&aJI 6 JJfc <_jJI 4v'— .■■ 

l^-l.A-?v,.~i ^-jJI cjL-qj)- 1 « a. II (j_o J_jL$JI j\ K I I Ijjh (JLi^ijI S jjLs (jj- ^ > J Ij.^. 

^ p <■' J* 

<U1j ^ C5“^* U 1 3^ C5^ .CjULaj^JI 

.cjLuJI j^J j 1 1 hi (JLaJI (j-«& (LjjLaJI 

g-l .> n II *■ H <* J i_ajLc (jl^ J-i-S . 1 944 ^Lt Cjj ' A~ S J k ‘> II >*ll~ 
(jjj^kL^-o ,j_o jjJ^-oJI <(1955-1 877) Oswald Avsry jJljjjl 

4-il^-aJI 4jlia>. J-ol^ ^_<^ol ^ jJl^j <<Ji\‘i‘s1I jj 4 * Ul 4 a (jjgjUa. i^>j 

& a. .11 <_o (j_o 4 9 I ~\ o ^1 jj| t _ J -lx CjL «jIjJ (£j- ?• 1 <Sj-a-j-aJI 
ajj- 11 cjlj-i (j t >1 -< <i < 1 II ^ j ^' i j a II *lj-4i pnGumococcus 4 j 

CjI jJ$i 4 II (jl 1923 f.l*jl Ju-o Lij_)jLo (jl^j .p-La—uaVI (j<oLi_4iVI 

itjAo jjx. Jl iO » 1 :<£. ^ VL a Jl*\ 4)1 (jj^j (4 j_^JI i_)l^jJI <_t imi'i L» j.Ji54JI) 

Jl5j . <■!— 4ii.l <i jJ-U (4 1 1 <C.jio CjV jLujj <(j iJt. ll 4'i iti-k jJ-vj 4 i-<j) Jj-iS V jl 

^ (jl£ ^jJI <(1941- 1879) Frederick Griffith dJL >4 (jL 

J <(jjil» 4.,-w , 0 ,11 5 jlj(j ^ Streptococcus pneumoniae jJI c<CxL»JI 
1930 ^Lc. (_^-Sj (_jJ[ Ulia.1 (jl (j*Cn 1 c-l < 11 Jfi.ll J 4'i <<I-N.ll .~.y M ...II 

f >> cj-° O' ^-J-^ I j 4 nil^ lj J-oaJI ajjlajj (_5jj-a! <_^jl 




i Jl £ Jl S ** 

(_J— <-^l» jj-IJ JatajaJI Jlj <la}LiJI Ja CiL«~>^La. <Uo <nl jj JL-l* i J| J5 laa jA.1 ^1 

i5 x 

(_ylc jStj dJj C*a ,j£aa jaI < Jl » j JI JaLsJI <al Ija (jjJI <lja& ((Jaj^aJI 

■ ' ■ n - 'L i CiLa-iJal <CjI jLaaijj-dl Jl .La-jj < J-jj ~t " II Jaual <1 X ...JL. ' ij-a-j 

<jaaJ <a1 ~u j Ijjfcj <((Jaj.~t.~Lll Jaai 1» JoLiij jaaG (^1 L$J (juaJ <cAaaajjaJI 

# * 

jljadl <olj > I-1.LI1 t„ ft-L ia C>LaaJaI (^aij <CiljLiaJJI Jl I /A .1 J_a.jj .Laaajjj 

Ijjfcj <(( Ja j-t" II J-loI» !jS jaaG (_gl L$J (jua J <La^LaJI jia. Jj^a (^aJI iaaijJI 

^ t 0 

<« Jaj~t-~.ll Jao!» <LiaaJo ' ■ .i-l" LfLmA ih~l Jl JJaj . IjLaaaJ (juaJ <al LaAal J-Aa 

« Ja J ~t . l !l Jaaa|» J| jt 1 1 il -> <ai.j ^lc. i-i ' i » aJj' a a II J a < 1 an 1 m dj^.La jAaaal 

p j, * jl g 

JLai jjaGj <i_JLc. ^lc. Laulj . S\ I 4 <i H laili i .^aCS (_£jja ^jA a -t J j -s a jl£ 
<jl_ojaj_Lu jjj Ct *i*S d jM£ jL-aol j_aJ I a*S 1 (j fl aal £_aJ j LajjaJI (jtaj.fl.~t. 1| 
^tl a~.aVIj ajtaVI Ja jds ja^ta C jI \ ' jadl ^aaajj 

<LiaaajjaJI LajJoaJLi lad ja jl^ (jAaLaJLi . dJ ja l.» ’.". t a * > ~ -»■ II J*C ' jd 
ja^. laaa jja jLft Laaj « Jaj ~t ". II J u*il » jLa flflLc. jl J u~ilj <GI <Lat-jjJ LaljjJI 
CjI jiadl jJaLS <at. ja (jAaj (j I jJI IcA jil .^jjjJI (jA-a.tl.ILi Uaaaja ( .a i a 

-1908) Alfred Hershey jjiJi ^ai <1952 ^Lt .iaJliil <.LlUH 

Ijajia <Martha Chase j« > c~i lajLa <Laj ~t a II jax. iaJU&JI Gcc.L<haj <^1997 
■ * * . (jaJI ciLau jjaiJI i jj * j <bacteriophages cil 'M * II l _ s ^ c - I a^ ijCg j^alaaa 

(jAjataJI ^ Oat-ja jjiauiJI jaaalc. Jl jajllJI ^ Jjj jij .^jCxJla jtailjaJl 
Vj CjlaaajjaJI (jd Jat-ja CjajaSJI jatalc Jlj aClaaajjaJI ^ Ca-ja Vj <ajjaJI 
jatalc. J£ Jjaaj jKa> f-liljl JM~t. Ja>j <jiG Ja .ijjjlJI (jA j a ~ l I I ^ j^>-ja 

|Ljaj<aJI <aLaal) (_£jJaJI iaiauC. J^L^ Gl <lj^.la1 < l a j ~> a <>. » m a ^Ijal ^tl J ~L~ tala 
<-iJ.~t-ll (^J) J ~t. 1— i (jjJI 6ja-j jaS «l >M » I I (_jjjaJ! (jA a ~t II jLs < ^ 4— i *it x. ILa 
(jA A~t II JG jJLaJI <a J~L-.1I aCA Cixlsl aij . L^alaaa jja Ja ^1 (juaJj <<jAjajAtJI 

• AaaljjJI O La ji n A I I aj-i.tan J n~t . (jjJI jA (^JjaJl 

jA (jtaLa. (J jja (jAa-tl Laaa j i>«. ^j-ic jjJaa Jaaaat. <dJj Jj iAf. 

' LajJI " (jA a a ) i_SjjACaJI J . l .«i.*lVI (JOJ i lh II ^jjjGJI (jj_ijJI (jA a ~l.II 




1868 fU ^ la* ^1 ASj -deoxyribonucleic acid (DNA) 

(j-o i (j j-Lc. J n~i L)}La. (Jxa-lj j MIJ n tllj-iJj-S (_gj mjj) mi II i_lj ) JaJI (J-i-S j - 0 
jjb ^ tall j .4 til ftlyl (j » ~>.t »^j 6jJ-i (j-S jjja-j^. a IL 4_ij 4i n J 1 CiU a <o1l 

fjJI L}LL J £_a j f^jJjJI d-ljLi-a Jja.1 (j-a ^ n y~~ c-l-iAti ji.J L^Lk j^ljj 6jlc. 

j l a j j P-LuaxJI jxjJI Lj^Lrk (jLi <(_£ jkJI <LajJJI_a Cll JJ, t*i II .j-S S-lj n ^ II 

✓ ^ 

. djjjkll 1 _J43 Jfl^-ll IjJ U~UC> J./U' jjJlklL) J 

^jill <^c d I tla d~4 -x t lijU <Lla-a.V Jjj-uj Lo J£ jx ^ j 

,J_oL^JI d_a_uil 0-ij mm t dJj J$-i fl.Tk~t.l d-S-ijJo J_xexs! j . LkiU (J jLlu >j<; i ii 

s? 

1 1-1. t--k /. -v II I *\ a d_i_iii_> -|j ' 7> ‘ U^VI ^j<aj),3 i n II (_jjjjJI jj_tJjJI jA ft II 

(j-a J^jSLa d mi a i U t ~x II j .jxUajjLt d_i Jn-tTijj Cil-i-a-J a jl.CLal ^jjx. U-a-jJ i^Lijla 

j j] a j*x ... II e-(£j^±. Lai . <1 ‘‘I a ... a ^jLc j_axa_a £_a <_i jLt-Ti ~ m II CjLxj jxa. 

I aJ.a.1 j ^.t?k ■■i*\! Sjj <ka Cj£- jk (jl JJU < '■* 1L» ‘CLxaJI J^j-ijJI < j jj_>j-ll 

I a*\ j . ^d a j iil J^-a jlf- jxi. I a ft ((jj-XJj-II)) j «(j > ^ .j jj fCV I jjxsj a ~) a» (J-iJjLjaJI jLi 

p «a «• ^ J{ 

jjj-ij^ Ciljj j_jjI jjx ‘lio-j-ui-i <1.3 .1 ~v J^a 1 a I j_a j^j-ijJI ,jlj 4—2 jJ'v.iii II jtu 

< 3 ILi 1 J - 4 a I -v II i d U . .J n s-Li—til jjJI d.al <«^il <6J_axl J j ' ^ . .. ^1 j J J 

(joj) a i ajl jj_t_ijJI CiLftla. i a t i I ^ jAa i ia-ij-J jj-jJI <Lt~tl a tu a, II CiLc-j a . a . a. I I 

it 

m<T Cjl^J <1 > j A 4-Jj ii 4 (J 

Til i m i II £j Lc. j ft-\ 4 Jjj * c_>jLiiJl Ij-A l .at ^-A LjjJJ a fl-H J ^ -a-xJI <(jj[ 
u-flVI Ctt l a ^ m\H I j-A ^-ic ^j42> j) ft \ a 11 CjLc- j) a j 

^ Si 

. ^j-o (jiiA J^^ia Jojl^ Ji-o 

P C^3^ cjj> \x> <51^. J ^-oxJl ^-A I juA 

IlX-a « 6 <j_c L5 )) j .nucleotide bese t l^^ A-ll Sj-cLSJI ^ ^ 

Loj It £“° (J^Ulj 0 g-U^A^ll j»j£. 6j£.LUI lV> j»-UjVl 

(2) J 1 11 CjI^J ^-il j-\ -ixi j ((SjucLSJI)) £-1\cx <<ci a J)Lfl <Cil 6J. A 

wLcl^jJ LjjJl .pi J aj.^. 11 a^l>LJJ 4-o Lc 4 o <<» ^_A_j r.~tA_ tj v II 

<(G) 6jLc <jJ| j\ ^j-iJjjVl I>AjJaj 4_i. w" j > 1^^ j 





yjx-SJTdi 


1 j-A ^ a a a .(UjJl) ■?• •‘^Vl (_^«aj) a\ a II 4 .4-2 Ji-oJJ 

(gjti t jL.i \ II ^Vl (j-fl .4 U > at i cjLj 4jLju 4 v sj*^ ^J[ jJa_JI 2>° 4 * dl 

Sjl=Jj (2)J ^ i n^l 5 jj ^ (C) (2 >^jj£ CjIjiJ £-j jl ^j-6 4j > _^-o 4Ja l-h . (2 j-° 13-^ '— * « J 1 j 

SjJ (_j-Ic. t*i..l~LC <a A-v l J Oj'y <n^l Sjj (2)1 .L$-J 4 P-lg Mil £-o f(0) 

<(j >•% ttXVl j^ajj p l i g i f .y Ot^i Si <^1 ^ ^J lj 4 i l^ U i oLiJl ^yi 

SjxLfl _ ‘LiojJj-ik. 4g J a -s. a (2)1 (2, VI jj <Al . fr(_g2) ?* 1^ _>^V1 u-fljJaJLi Cj-U-iJjl d3 4_*_il_ft-*xtfl 4 x.j_oa_o (2,1 J 

_ i 

^ \ cl .". U A ji jjj ^ d U q ~. , Lj_A 4 1* n o 1 1 <5 — 2 J£_AJI IjJjjjj K^J 

(3 ^ $ lit 11^ 4 a I -yJi (^Jx. iSjr^ L>J-tJ^ ^ J-^- 1 Ctirt i ijl jjfl 4-j->l fl iii fl 4 r_ j a a (2>^ ‘ (2 j* $ • u 1 1 ^ 4jLL^JI 
.L.JI .X r\ -- ^ A 4 1 ... 1 ..il l ft , \ A , (2 ) i ij l ^ I I > t a ^ A 1 /i^ < 4 1 . .. I <.» f. l Ur V 

* 

(Lujij oLa_ij^JI A j-A ^\<\^ ^_» <jLujI1Ii^ * (T) 11^ <(C) 

-V^l^oJl (jLi ^jUl jx 4 n^Jl I j_A ^ ' 1 * *5 — 2 J<S lull <lujfl 

^ ^ is 

(jtlaLa. <Lu jH «Luiij (J^ A. II » (jAAjJ^fl j-J-ajj .(jjojl 

<!i,aJ <Lfl_u3 u_A i'i t II tsjjbj .Lt-o Jjl 1 8 i^i*t La JjjjxjjJjJIj oljj 

i 

i _Jj. < Ll / J .1 a A II ^_s . «,-,L'i_.jj i.ll» ^ ml Jjj A.I > A 1*\ H | j t l.f. 3 -LUj ,~ 1 tK j A II ( V^0 

< t > i II j ol jj jj-o 5Aa.lj <-4.1 a. (j t n i*> 11^) j 'jj~ * ■■• 1 1 

<ljjJI mi J ijJII . (( CjLjj » f„ \~ Cil S jj-o-o 

<(_gj 4 4 II Jj-ttJiJI JJ-S <X. jay ij^- 1 lo^J^j J-C.ljJLll 6 j-& (_J»la.l jL-> 

^ ^ jS 

dljjj ola-i La->j .^s^ya j ’> f . 5jx.LiiJ jj-u Lo j^ic. ^yjlj) jti r. jlj~ -t,L) eJJjj 

.^>,a-iAjl j_yl£. A'» ' » f-jj-A LjjJI (jl (jj >»*» 1 IjlaJ (jVl 






(Jjjljillj (A) (jiljjVI t.f> N ^jJI j-jj'sJI otljiJI .5-2 JSAJt 

4jjLo^JI Cjl_j jJl^ .qLljJ-i (T) ^J.x A^jJ I j (C) ^ 4 i i 1 1 ^ .aVkj \ a\ia /lZjLLij^JI (G) 

I jj_kA. 6_J J ^JJ jk ^ . <1 V i \ tfl I) kli^J ^ J N > * 4 /-> i l 4 _^jLaJI 

■ IjjJi yj-fi £-a <Ll*=i J^_iiu 


4 *i i \ 1 1 ^l aH aVI ^ \ ^ 5 jLoJI oL_i LjjJI j.jj ~ <jl La 

pL^UI ^Jlx. LolIIc < j 30 <Jii* til otjj a5 <j \ i II 6jjfc iiulSj . <kl 

cr® ^ <i_iii.jLi ofjji ^J^Vi ^jL^iill iiJfiJI 

oLV^JI ^Uj |^3" * O'j ^ "*■ ^ ^<1 o-^Tt Llo-qjJI ^Jl jjlj Lo-ls ca ft LgI j£j) 

. <Lfi t a t ail 6 A A ‘LaLajJti 4 > ^ j i > t 'j 111 Li-i^ jJ 4-JLaLa. (J aA 1 1 5 J -v*l a II 

if ^ _ 

5 J-tiJ-aJl v^j)^ iti*l mV I 4 i"ift"i I ^k“i Ml /. al r.jl ^ _i 4 X^ <1950 jfcLc 

g-j^-aJI 3-0^° {jL. La ± < 1 ^ 11 A ft i*yj pi 1 i f g-tTv.7 ^JjJI 

a ** 

<_>j l tojj j i\ ijV I ^J-Q <Jjl ii<j-a jJjlia |J^ia ^Jx 

. IjjJI <j_a 1 j^i-j-ujJI ^jL. \ 11 uij < (Ih jj) ^ 1 o^L^ - * - ^ 3* 

* 

f[j A /> II £_a 1 _£ljIj <i )1 a ^V1 ^j_a < 1 1 i ii 1 j tn1 ^ uli _j 

£JJ off ^ulll J LAil L<^ .^jjli-uJl £-a Lft!ilj <3^1 jlf 3fll^iJI Jj 

3^ L^Li. L^Slj ^ ^ -l j 1 a*s 1 u-i^lx^Lj e ft 1"* ^ 1 Jxl yA\ 3“ 

O-^ Cr* A ^5^>3 Lf^* 1 AJ-A cJj J-5^ « A < u ft *t i M 




(jl n i La^ LaLu < 4-1 j / <~i a 1 1 JJ_a_a Ijj ■ ■ i^j~ (jl J (LjjJI 

(^jJI 4. u» . 1 1 1 /i(j a <Gl Luajl <_ilxj_ii d=k. j .4 ,t,l,i «^— >a*> II CjUaLA-aJI ^y> 

s 

(j 1 ' oLi-ajj-i-U ^Jl n -^>y I jl A-8-n H (jLs <* A ' *»■*» ■■■ * 

(j in »~1I j /j-i j^Ti ' m II) i~il\ >,' i n aj-uJJ 4 iiit'i ^jJLaJxV I jljioJI J-& ( 4ilaJI ^j-=k. jJ j_aJI 

^J_a L aLa H In ml ^ jl£i oLa j j » .n, II 6 j-is n -^. /.,': ^ . A ~ I J_S j .|<l aU H 

4i^J»-a (J-to jjJJ Lu^^^Sj Lil£ j ~k I ~t n II (jlj tLljJI 4_ijj ( j-ll ‘ Qj » ~ " 

. j^J) 4 k'u 

a 

Jj-j-ll j 4 >~i i HI II 4* Mi^fl ^1 Jjjl CjLkkjl jj jjx ° lii^j kliLa^ 1 a a H O-jl^ 

i 

(1916 j_iJl^a^ Mouric© Wilkins jjSLLj l _yj-)j^-a ^ * *» 1 ij^ > » II ^y> L^_> ^Ls 

l (j a-jLi-j j <7i ij (£yX i I » J>.a ..*> ifk (1958—1920^ Jj-t. ■' 1 1 11 j 

(jj— cuJolj \ al_ A U~S 1916 ^lx J^J_j-aJI^ (j«< > i '< *>1^.8 

CtxA ^j^JI 4jL~i n \ \j » nlk 4 a J -%. ^_a (^£K I in JJ-S 1928 jalx J^j_<dl^ 

^Lal LiiLi <ol_)-aJI i— sVV JJjj -LjjJI 4 aj_i ^x 4.>i i~i.all SjUuaJI jLxjV IjxaJ 

/ n l ■ . . I ;! J ^ iii < jLfljLsWl j .^lioWI j <(_)“ <1 Vill^ JL»ia.VI J >_i <<~i\ II ^jx 4 ls~> t 

i ^ 

l-vl 4.ia->i Lpl .^Ijjyi (j-1^ SjkiSjlj (J f%~ill lillj ^IjakJlj <pl an'lll 

* 4-kjl -cu, ,y I ‘ & a '^j n 'I j . a Ulj t V. -tha a Q^IVi ml tJ _JI \jj iii a .11 (j^xll oLal ^k_A \ 

, S ^_lx- ^ v >--i o n Cm jJ 4 '* I 

tjf. g 

Cu-fl ^-jjl ^J. 1 K "ll J-fl ^y-A < fl.ll ^y_fl ijJ-UjLoji A\ l<~l\ nil! (jl ^y_fl ^ 

l (j L * i^-.aJL-ll — ujJI t i rt li > i > i g_i 

^ I JJ V SL^JU ^ I Af 1 ya " CuK ^A-]l 4 H \-lllH 4 jtjUJ^U <1 1 JUJ 

^-o .<iUjJ Ll»aj t— fliajaJi ^J? ^ 

4 4 LU-J ^Jl <J i^jjjLo 4 a ^jjJljlji ^Li (jl iJj^UI jjx ^aj 

4 a II 6J^-i 4 a la~ n II ^*1 a -k II ^ j.l 1 1 jl .4 .^-.all joa^ jjJ L^J ( ^ y Jaa i (jlj 


a 

4-o^kJI .SjjAa j_lC. <U‘u..ull 4 * xuVI 4)-° L^jO jjxj 4 

^ 4J V Jj ftj « ■ •• °~*‘ j^aj 4 fl 1~ •> rt 1 1 CtlXiiJI ^ 1 U ftj ^ l*i *1 Jjlj -Jl J)- 0 4 ft lV> \.ft u 


j 4j*n, mil 4juiVI (4) 

1 ft J fl .-»> 4 Lk m l j 1 4 4 1 * a 




(2) i 1 'vl a Lfl-JI ^iaJx-ll ^yk \ \ ,\^ .<LlJLL 1I i.ti.11 ^$A^J La^ y& <L^LuuX) 

JUt jJI l CuL^ <*i > ^ c^yi^JiLa Jl t ft ts\\ i-a l_LjUa_i^j Ljl tic. I 

. S j^JnA a ... < p^jJI j'<^ » * p-l IM.J1 aL^j 

( jn . ajj pLS LoAlc <£-a1^^ j i ±J& <Jl K LjjJI ^jA-a^k ^j-ujAj j/i5LLj 

pi A <A\M I c jaKjI ji 6^£.Ai 4* 6d3kJ P-LuJ ^AdtiJJ ^ (^A^ <,J 1 A A II 

$ 

O-iL^J . <L > \ »■ jLLi.ll CiljJ-l - > H 1 c. ^_S Lfr-ij-xa. (j_o SjLsVIj < - > -KJ l ^j-11 

^a-Sili <-i j ■% <i II «t ■*< > II J^Li. ^ya aj -ft L^j^xi. Ct > xa-Vsl J-2 t j. _ i. l < v~i l^i 

(^yjl L^-oLaXil ^yJI Jjjjj <<_jXJjl-J Cll J Tl^. <1 iiX.| jj-S (^_>X-xJI 

s* & 0 

^ il ' “ Lpi LoLclJ q iAl ^Jl ^2h° (J^-i *CjLL*J1 hi a 11^ ^-J-sL^.VI VAj 4 l^fc-ll 
^ hi" cLa^JI tJJj lyS cxjI^ jtaI j * \j*\ < u 15C < Jj. ^A ll Iaa 

5 s (g) ^ 

O-Lu^j l oiA **r. lj_uaLx ^ ■ *A*-II L^LcU <^1 JjiAl ^ P-Lxulll 

s* 

^ iAl^ ^_aL*lj dJLl-A . La^jJ JLl.-?>» 1 *\ i >^)-a aLc Iajj) 

^jliujiJl J La ^jIa^-ljj^ .LaII <LujI jA! & j m ^ a pLIxj La-fl La pLLfl {‘L^j.a^l 
^ya O j)*\ a 11 ciU^J La Lc^j aAi^k. < ili < “ 11 4 » i nVLt ^J_C 

j»JLxj jA5LLj Lr mi ^ a!c ^Lai^.1 

^_Lc dJj ^L-a— iii a5 j . <LjJa. in Ll^ jii ft >•> ( >LujJl 

^J^.i-aL < \ ^J 1 1951 ^ s-Lxi j J^Ll JaL>I <jli > ^ <La 1 I 4 \ \ \ <LluI^J J ^ x -^ 

j \ 4<ill t»ll. v \ t-v 6 ^jAj (^aII j * A rt 11 4 i\ > in 11 <_a_Lu^l ^I^jljI O— tii a ^JjlLvI 

X" 4 m , ,« 11 <jl u i^L ol J>LJ1 ^ h i m ^a A^. I . Laurence Bragg ^ 

‘Li-ul^J ^ (j m ^aII (j<i \ iti JjAj ^ cT\ ~y\ dJLlA^ .ray crystallography 

. a! jjp&\ II 

: t jxijL^ 7 i -> *^l jjjjLill (j_U -vl-'U .^i <1951 ^xai^/^lAJI 

^_y-Lc (i ^ ^ 1 1 11 4x.l. ^.i.ii.11 4_iAl 4_a. t_a v II CjLjjLlLII ^J1 jX.A jl_i3 


ol j ul t HI (_A^ ^ JJ-“laJ 1 iclill pl III 1 1 1 Q a <nj ^*nK ^ "l "k ;^J m i Aa— til ^jl jAlj V 




( jj_u&JI <jjJ (jjojJj JLxaJI £_culj j)CAi <CjI j * ■■■ II 

ue^b-® (j- 1 ! a t 4 qJal ^ v—lJhiJ . q L luI i ft I I pl^Ck.V 

55 

6^jo£.I e-Llj dL^>S £-0 Jiii ° jl^- .Ifl Ia£. £>£■ 

I (j ~i fli \ 9 (_s-*-ll CjLiLuJI ^yt> <jl (jj^.inial j ^Lla~l <<i I LaJ l^^ouxij L*_o jjljjVI 

_ £- jLojJI tljj 0-»ftl aSj .J7 j^ajJI SxaI mi aJ *> lC JjjjX LfcJj <(j > K'.l jj 

4 Ll'i . <_j| _ d nt< a II rr M •■ i^l j cJ ^ i . i V 1 (j-o lcj)\ ft 4 ia ifl-v <jjLo ^ jLaj 

<Glj oj^LuWI jjLsjjj jjj-LtJolj^ iiLj$ u^i < (j j jj,>^ll 4 jlaj ^ J^-l <j-° *EJL*-fl 

^ «# 

CS^i jj-DI J-^J -C*5jJI dUj ^ IojL^u <jt^ ^jJI 

<tJLljJs Lui_)i I J fl J Lo£ jlj <j| 4_2k_^k_J ^ Jj.A \J I < .a A flj 

55 

^1 i A aj ,5 _)aLo <l5jjJo l_$_j| i <~ j 5 j u$ oljlSLol ^lc. (_gj)lr>\j jt jL&jJ! s-ljj 

•j> * 

l j r I » ' -*> ~> tj LijJI (jx LLs^jjj jjl ^-o ^Ijj l — 1 L - 1 <<iLlj (jx 

> flLfll^j-tsJt CjjjjLj (j-i-aJI dlij .(jojLluVLi p . j f . jj -^ca L^W <£T.ll j » t >*N 

36 d 0 

(J’VdHi" UJ Lojjj :5lj^JI &LaJj tisl ^xlt (jJx lAi |\ I X II 4 t^l a II a J v J5>. 

. bj^ji vlii LoJ ^jjj ^ 'll 4 Ud < 4 1 1 a ft I I 


•Linus Pauling ^ ^yj ^..i > I .m Ll^j a. lx <1952 jvlx ^ s 

- ' * . 

jjj J-<lJLJ £jl^ ^^4 ^■5>-' 1 -* (»-l I A~l I ~t j 4 jl1j 1 ~>.l -^L I (_^^JI 

Cuj.uu I M ^'n i I i.lfl-4 mi. oil I '*s ' a ^ i J Ijl 4j| l^yXjlj . O i m n II 

U^s* ii (j;l£ LjjJI 4_<ij|jjJ 4 .,, a\ II U 4 J ^Ij j » ~i i*\ 4.J.K ^ya J » a JL» 

(_^ojX <4 _L^.j^JI dllj .L> i_v_i jX J isn *v CiS^_jJI dUj >_)^-l 

4 jm .. .1 1 i«_iVI ^;l>*jl 0 s - (5^1 OJ-^b L5-^ 

Jjju. 1<S j-X Jjj La^ JhJ^X -1 4>-ljjj (6—2 J 5L . H I I) 1 ^ - a . l x 

L& ^-> h » « 4_xS ' ~ t a xi L) * xJ-jl-S (_ 5 j.ll 4 > 1 U. II oil - 1 . ,VI (jii 1 o ^Jl 4_i.jji 

(jx a JJ -a— <ijl jkljjjVI jo X > Lo^jjJ _' »^ral <jtfl.~JI ^Sj .C)L>JadUo 4 jJI ili-l i<^i j3 
* A A *_J5 Ja. »Uaj. ) ^ I 1 « ^ j J d .1 (J ' ■ ' d ~ C >-° I V*s «~ j d-^J-aJl jLxjl 

Lo ^ -> jj-ao JLlu jl ^j_o 1 i^aj <^ 1 'I 1 11 I 4 * iA > 4jj) i A f ■ ^ j .oil ml jjJI 

yfl oj -k 1 Natur© 4 1 a oj-<ij xSj . 4 _Li a ^jJI ^i\ j x $ LL II 



<> <^VI *>=J1 u! -6-2 JiAJI 
U jlA Ljll d J ^ a~ 1 1 d fco.ll ^_lc (JjJjJI 
■"* 1 ■ A X L d j -* II J . ■*. . ^jjl 

tl>T j-&j -il) . 1 <j-Lt 

o ^ ■- a -.‘ J J-^— 1 “ ’■(Sj ? LI 

jL»_>l .^ji ^ ~k~ ^_s aj j i^i II J > if-tLij «<<1 

..JI^UI 


■■ ■ 






, - 



<ju£±> ^ <Lc 3- 0 I ^ dL J> ^2>-° <1 953 j -cu-L j 25 

i < iii jxL5 dS 3 ^ ' j j o^-i (j j - Kj Ij-S icj-o^i 3>-° 

tf 

O -> > 11 diLi^al^Iil Cil -ml 1 5 II ^UL^-JI j-Sj wiJSj . (I ^ ~l j U » a 

. <~i t j *>. II Lia. jJ ^>1 11 SjVj <1953 J-i^jI j (jLm.u 25 ^i (^_ijljJI liilj -JjVI 


^-Lt-a. i II j i j iti II double helix £-jjj)-aJI i_j_!j_LM (jVI LjjJI 4 >. \.i (jl 

(_^o-a^»JI (j_o J-j jJa la » A > a~ I » 4_i-S j (Jjja-^jJI ^-1^ Ij-oj ^ J *VI 

a ? * 2 

3>-a — tA i jm i (7 — 2 JfLjJl) V ^ ^ La * ^3 L*-* ^ 1 1 3 ^ -1^ ^ 

(g) 

£-aj . i H * ^-fl ^_fl £jjJI — jjjLaIJI cjjUx 

> 3 ^ n**» H Sr*.\ ^_fl pi J-iaj) \ K^lll d-C-1^5 <Lxa 4 i ^.iLljjVI <Lo_uJLfl dilj 

3 ^ (3 1 * A } ‘(8-2 J*s in 11^ ^HJI U j II ol \ KjlJI g \ 

& o" * 

^LLaoj J ‘T...A ^jjj-ojJL UfJl j-o^j (jjjlll^ 3 |A ^11 ^>Uaj_> 

^IjJLo 3 ^ ( 3 -® ^-flLc^^iL 4Ja>^^Lo 3 iii ft i .(G...C) (jjjjjj-uJI ^_a Lajlj 

jLujlo Jjjjl^jjJI jL\t J (jlj tfj I a » ill jljiaJ jLuu .~il*i I« II oa ^-3 u » 'VI 

4 i^.-v V * II j w~j . <_> jl .»,n~ a '-■! ■ a*C j j_i. j ^a_ukj >.jJI /jl ^ I ’ (j 1 j J " ' ■ ■ ■ II 


//www.planetware.co/photos/scv/ ^ j^JVI jjjdJI ^ 11* £jj>Jl ^Ul 0^ (6) 
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La-A i_y^-n I) 1 i-> \ *-k >, a*i 1 > .Ujll *— J^JJI .7-2 ij^iiiijj 

4 _> dd \ lA Ja_»l L»_o >l-i Jjl U > -fc II ^ ,1 io 4J <cJl1_Lo 

>1 ■'■■w.flijn Sj_C.Ljfi_j 4 -Ll-iTi^-a <4-L>j) 1'-> II Jjl i 1 A fl 1L> <l *L au> (A,G) 5 JX.L5 < J_cI^jL 1I V'j f- 

• G...C J A-.-T J*£ >tilld Loalj . 6 I .\ lAfllL 4 l*i a a (C,T) 


£_o LojJ (jjjLLail ^3- J - d L^ , .-9 3 J - d - J " 1 l) 3" 0 ^ * * ■ “ *• '* » „t/ft <-»-a$ 3 I l i-Aj l 

i-jJjJJI 3^ t^ ( j-ajj;~i i 1.1 II j (j U 1 I ~1 .11^ (jjJ_i-ajj_ijJI 3-o 1 -a, -3-^. j-o^f 4 ' ■n*\ 

^ 5 ? 

(_£dj)j j j^lll ^LflUjI ^Jl (£ jl :U xuILo j )^\l l clllt i/>j 

< t^Lc^LiuJ ^jl^ILlI Ij-A j-T-u.4.1^ . 6 ^ i jjJI Jjld »^ixll 

.l^Jufl (T+C) ^j4jLAA>jaaJI jljJLo <G1 aJI (A+G) jljio <jl ^_A 

( 3-0 Id-a. (_>oLk £j-i (jx. ^jjAJI (j A - o - caJ I i s ±zJ >- L ( 3 -ij (jLuajJVI ^ >\» J 
^yic.1 V (_jj|-S LoqL^ Jj^I Lodlt j II <tiajljJI ( j . o n i t 4jjLxojiJI <Jajl^JI 

£_o Jajoj-i ol !•> >■:*. a II 3 . i-o-r. pLoJI djLo-ijoa. (j-o 3^ <^jLc ^-J-C. 

(j_S I j a o 1 O 44 j ^ ‘*H I * ‘*1 Id I (Ja-iljjJI ( 3 -o ^^jJI ld^ i d SjjLk-oJI CjLo->3-?-^ 

d la '1 j II j . j__ H : . ^_slj— o ^ £ I > I ' j . * 4 11 ^ !j dsL_to[ t Ja-A-i CjI In ' n II 

, 3 -i-> J f<_ljl_ilc.l j-xC <d-ijJa-i ■*.**» Lfj| a. o ' 4 _u 3 L~>. <Ja-ilj ^-4 <t'i i % jjd > ^ H 

4_la_ilj 3 " I j 3 * 7 * 3 * ? i * » V l L^-j-t-t 3-0 <oljdJl 3-0 U a i 4-LxLi >• 

Sjjli ^llJLj ‘Idx Oj-xi-wa Sjj (_J-Aj) f«Ulx3.jjdx4 

9 , 

Jajjj pljjjl 3-0 oJj ./3~*I J 3 jjjA 1 3f^J^ 3f^ (J-a*JI 3-° 

Lo£ _ ^Jjj-dl i_J^_jJJI |X^_S ^yS dc.1 ml (_yO^^ 4 1 ni l I n VI (J-oljjJI 3^ j .(J^» n I (j .|A» I 
i_>_xjj-jJIj 3^ <» II (3-x’i-ijVI j 3_>_o_ijJI 3-o 3^J 31 — 8-2 3 ^ < » II (_j~s dj>l «ii *» 





jJ-JLaj ^ J-J L*-o LijJI ^JrxtA JaJ^J (_£iUi iiC.I^3JI -8”2 I I 

^ "k 1 1 J ,1 ij-LjJLj Jj flj £j1 ln-~k.y . iajjU^w <Jq_uj1jj CjlAuj_aJI < -AJO, ^ J j 

.Lj j2l> <-coij j-A c j ; i^jJ>U ^Lx^yi 


(J-jJLLljIj 1 * fl-Hj (Jj J \ I I CjIjJ-J j s m l I A I I 

L^j S" 1 " H ‘JjL 0 -* C5-^J .f-LljJI ^ xL . \\.yj jdJL& 

* # 

aj-Aj - < » ~i i -v 1 * * Jajljj ii^Lj (J lit » 1 ^jSJj <LAjI pi *1 i II jj^aui J< iii i Ls_a 

ill i ii <vl ^jjl <jjL*JI <UjLaj£JI JojIjjJI £jja _j >*>^i i <» i Ail < i~ ii I I iajlj^l 

Jfjjj-aJI ■ il jJJI ^ i-» » ~>- (jl jjjjLJ I jjkj <Sj <" inn Cilj-ij-k. J_i<^l 1** oljlll 

p* ^ 

LoJfct II iin ^ Q \ t 1 ft l 3 U Lt^i ^Luaijj ^jl (j^-a-1 

*> S' 

pLaJI Ciljjj^. ■ Jj! LlJ^ (j-° pLpJI i~i I LajJuC. J i La^ LaLaj mil m 

.<jJ_jill 




i-ft.j *l -k i pL$-j[ j^-Lc. dLi_^J (jj-uiialj (jL£ IjLaJ (jVl (j-1 iIl’i (2jI ^ 1 ln~i m*i 

• < ill* I I <Jy->_aJI < U-v M /ill i i^jljJI /^SLlj <j » .^all 

j -i t il. i n <_a.j_i <~i-v i^i> l *in . l i n (_£ jjl ^j-t^lll JTjljjJI (jl LjJLl {jC. __ii-l j*J 

. <-ilil j jJI 5 jLal] <-ia!La-a q mlTi <jJI 

(jLSjVl <j-o j i*i*\ i ^ i ill Till j r.iij La^..-^jjAj <JLijauk jLi <Jjla1Lij 

* 

<-i-LLa<i 4 1 II p^j^JI < 1 * 1 1 J f*"^o £< ^ ^-*j 1,1 ^ (J^.i < II pI_>j ^ i i-i.-^ II ■ » « ... II 




1 -i t . U tilljjV j . (jjjj-iiiJiJI , j j -flJI Cjlil > * i jm jjJ _$ 1 ( _ s -4 VI ii j^jlq j»J 4 JLlSjJI 

m i — * 

p_lU. t -v I I <UjLij^ i Kjlll J£.l jl]\ jAj" Q > <<La_liuoJI J 4-lljoJI 6^)*\ Q II 6 j_A 

(J -U i Lu lJI Jij 

...ACCAGTAGGTCA 

...TGGTCATCCAGT 

(J-® T Jj'VI ‘-Aj^-ll J-a (5J-1 aJI -l aj -> - l l jji A JjVI ^j^aJI -l»Aj_>J 

Jjt_) . Ij^a. » 1 * j <G C 1- -~J ■ >.ll j ■ ‘ ' ' ■ * Jo-ll JJ-J ^JA.uiJI U i A. II 

: ( jJI jV j jUi-% I I (jl <dUj 

. . .ACCAGTAGGTCA. . j . . TGGTCATCCAGT. . . 

& ^ 

AaA lC. .4_lUJI J-klj < i.' i* j i Kj ’■ II Atl_^jL]l jjo Ijlxal <JLl-A jl l _yaJ±k j jVI 

* * ? 

LJLii'; lALus^a I afl to j_j^ * ut'AJ j il u-i4 vail j J-i IL> A£.l & j-ft t-» i~ j“ . . . 

: jUoxj j i iaa. !-»-«■ j 'ji^~ l template 


..ACCAGTAGGTCA 

..TGGTCATCCAGT 


...TGGTCATCCAGT 

...CCAGTAGGTCA 


J-uoVI (j-i lljjJ jtS jj-A. jMjLaLo jLa. jj j-o jLJjJ jVI LjjjJ ^ > <«~> T 

. jt-LuljjJI j_j.lt j5 jjjii >‘L1,UJ . Jia-Ij £ jJ j-a i_jJ jJ 

s> 

j j a t II £_a 4 I ip 4-ol_il I * i ■ ■■ » J J tujl jj-o ^ \ j-sn. .1 < 4 I -i.^-oJI a j_A AaX 
j 

jjl 4 Lot ( _jjLaa> Lo jJ^j .J-^oaJI 4jIaj ^3 aljjlj jjl jJ-ml Till j_j^ _ jj^aj_)£JI 
j_jii i II <u.ftjVI 4 1 1 af g- _» aSJaC. .LiaJI jja Jojj_i£i 4_jl_^ j j_jjLi-uaJI j j 

. I if 1 ,A~ _ L^_ii jJojJI Lojlj I ~u.lt 4-0 K _ «UaLm. 1 1 




.9-2 

" rtp *®^ ^iuijvi jja$ jijAaj ^jj>oJi 
4-buJ^a pLjjI Js^^aJI c_fiLijJVij 

JIajj .<UiaJl 5ljj ^ 

4_lL&£. (J > 4^lij ^ til^Jl Ij-A 

P‘ 

ft to JiUo J (J i ill Vi l jS . { _yt 

%». ■ a~ I « . < iiit'i IjjJI v__J^J 

f^r\ .^i > I « A < l 1*1 Art I I / .**,! ij i ■ . . ^ II 

k_£juLcJI IjjJI ■ a" I » J 

,-„ k-Axj e ll,v j^ui 

J^j j‘M ( jj ->4^ 

mil* ' <"“- >)l l> "^ cJI 

<UJ^UI 4-ilJI A j-A a". I~i j 
* 

<JBjli <_o j j ^*tljy <ljlj-o l^-*afl‘> 

i— fl aJj^ \j -^w. II ^j-a i fll a"iyi 

. ^-fcxi^JI ^_l£,l (j-fl ^p&UoJI ^ > .^W ^IajV < n ijj l ,JpLflJl 



^j| 1 ifl ^JLlI II ^jl ♦ «<-lol m^D) <LoI$ ^Jl (jVl i \ X \\ 

* 

(j-a 6 <£. a& A J j iti i 11 LjjJI LjJtXo IjU :lj^. Jj^Ls LjJI 

J* 

I j nil i Lai \ j <ojj ^iaJj Ljj i-^j^. i \ i«~i (Jf* (j- 5 ) L a* > jua ^j-iti f.j 4 j^Lj 
* * 

ajLaJI ■ *1 1 ~ LlJ ^ "j < 1 Mji'i J^lj J ~ ^ 4j_^Ja Li I ^ 1 f 1 *> I ■"- ^ « » » 

dLla j! j <<L^.jjj_o oLiA-LduaJI Jjl Lojj — n 4 » II i II 4-ilaJI al jj< ,J> 

s 

(J^ (J^lj (J-S LijJJ (J Kll J^laJI (2)Lj OL ^ VI |> ill’ll 4 1 1-k 

L»!iLaJl aJ^-S :4j a ii 4 , 1 U a ~ J 1-^-Jl LiaJL=J (jJ-ll 4 - »J. a » ( _ > ~i'iajl . <_iLi_U Jjl_A LLo 

<U rt.J^lJl (J-S 4 j^IjJI S^jLaJl ajjk Ij .LijJI ^>J-a 400 tl-Aj LZJ~~'~ 

fj a ni~ ^ ~ II oLjjj-a. ( 'j-a a j, i i*s pi » <1 ~t ~ Jj.^. ^J^ill ■ a ~ I . 

eiUUVL (Jj)l i aJI a Xa ^ dLlj j-x_> . JjljLaJl ^IJL> ^ 1 j histones 

« t" ■" ^ 

• 1 ^ Nii'i Jjja. _ iijLs 4_fiJ ^j-uajJ - ^ fl~il~> 1^ /uu&It 4_flJJI ajuA (2)1 •i_K > *. > ^_j4c 1^-iAa. > 
c-LOl (J .-i-^ > I nK 1 J .).?>■ io j3 a ,~.l ij > .^>11 ,~i^ l^ Ijl Lo 4 a I II <L&.^)J ■ ' '^" j 



Slja. (J-aJj-o 4 it i ^j-S 4 j I f. La^ SljjJI SjJ_aiLo jl <yla-i.rvJI tiVI 

.(9-2 JliJI) LiUI 

(J-® ^ <JX.IjUI y_o £ jj o^j!JL> 3 JJ>-i yLmiVi Lij (_yi 

(j-o j"i III a J l lj_A diJLLi JLt j . L-i JTJij >— sVI ‘i.i.ii.a.'S. J-=^j-l iLi j.La I«~|1I 

(jl l-oj iC 4 jS-^JI l 'i-a.'Tt-at jjJI Jj» i m y£J . Li 1 1 jljJLc-Ylj jA fl.ll A i ta" II 

Lij u I Ijjkj <,AC.)jjL!l jj-° £Tjj yj-Jj 30 iSj'"' ' riGWt oLail (Jj'ia III ^ j*i 1 ^ 
(jit <4^1 L JLSjLa. (JjLtiijj dJL»_>yi lj-& yo 1 a. " i jji . t. Lt It I i o 
.4 ^.LsJI yc. LijJI yo y >y Ijljci yu ~ ^ H ^jJLij .&LaJI < c > j U 

yyao Jl y_o yl j 4ja.jj 4o>.LaJI ^jlc. 0 L 0 JI ,J ji^i m Lij yLi tj j 

4_Lcw j_a jj-S 4_c j-i J «*i r.l 1 .oj i-C. jjJLaJI (_g j " m o II lj_A ^jA\ •- a~jl jjj yj *%_! yi 
L-'.-i'l y^ aLi^La. JJ-S .*.1 I « » .^11 yo d ■n. . ..*»~ ... o 4x. j ITS n OjjJa-i y_o Sj^a»LJLa 
yl^ 4j| Sjjio 4c j o-^n £_a I avm’n yl5» yl Jjlj («4» i jaII i tf I iA n» I l l~i n 

. (4 1 j 1 1 jjjJI 4 vl-a II Jlo «4 * 1 1^-1 II ^jLJd 


.JLja.^1 1$ Lai jjj ill—uij j_4j^JI j-Aj < Jjl -o j I a a 1 1 yj ^ a j-A LijJI f^y^, 
j^jJI j ■» II yilill f-LljJ iajyjl CiLaj I » a II 

a j-A 4 « « . U jjjJj 4 i ^ i J.i 11 4_1 j_luV) .SLi^Jt J i 8 ^ \ r 4^Lt ilj 4_i_S ^ it* 


.i^xoLa^j d i Q >*C ft e ( 1 A j i a iV. ij I Aj i ft j . 4 jJj^j ii**.l ft jli /. I I 


CiLljl^Jl 4 I i n* LMiJI i t t ^y-S J ^ II Ci^Lalx. ( J-A CjI I A ~! j^-jJI 

4 I ■ A ■« II ^y_j jLaJI ^y_A La^ <4_)j) i u CjLi .i i_ 1 I ajjS Oj^ J .4_taJl 4 _ij i<-i » II 
Lf -S JLaJI ls ~A LaS <4 _i 1 j k j jl i j » it. I lj i_ i I ■ « I lj j_sLaJlj i-ijj ^ • I lj 
(Jj-aj yiJI Cil tl 0*11 (J-S ^~I~ yUlj V (_yJI CiLajjjVl j yujlt jd J^.ll 

yl y*sa._i I yJ <<jljjU JLyS^JI 4 1 it-i jJI jjt oljjjjjjJI > j . « I lAj jS» 

jl L’ljI.'i ,i* jjjJ 4 ■ I « a~ II ,*.l UU-^ a II JK .til j^.1 jjt LijJI yl yo y i t*il j y^i 
LijU j ‘j~*-~ y yV <d 1 1 j-v~ll 4 i -> I i II yo J^yo lj_Aj ,LajIjx.V 4 II 4 a I^~| jJI 




87 o>** : *a*# 




fe^^cs^sisjji^sriixs 


^jj^aJLlI 11 a (^-o gjjj (jjL^VI j»Jk*_a (jJj .oU-ijj_)jJI ^fj CjIj-aAj ^jJI (^Jjj 

6J ^_) j Al.i0.a ^-i^Jk't.ll (jj^- 1 <LjLi-^lj .Lis^-o <u^uj .cAipjjjJI <ijiij (jJ Jla. 

.jjlalJI ^1 <JUJI 

Sj_dL^s Cil-Jjj-=»- <j-o J-m^Ltu ^_A oLi-kJJ^^JI ^ \ - n-^k . (jli A . a il. u i ljj_ilil La^ 

.10—2 (J^_<jiJI ^ ‘i i > « II < i ■ -A '■■*^1 «lJ ^4 II LgJ j < " <■>.'>. i-M Ll<oj ) aa " ^ a ..... 3 

{f 

jji j .polypeptide j-aJLa-j , \ j,.\ r. j_a ^_l3jj-aJI £jl JjJLj <Lj_sj_a. < a _» i j 

aa 11 6<j^ ^ <!Lo j) ~v > ^yd <_fi_lj^o \ iH * * CjI.I t.lc <_*_2wj ^-o_JI CjLLlj^^jJI 

6 J-xJI <jl j . flVt ^Jl 4 _JJ)J \ i \\ LajJ-C 4 j\j a VI 

^yd <-!>^5Lo ^ji -> u ^ I ^ li^ > Q 1~ O »— Lll 30 ^J-0 4-Lolill 



t jJI <Ajj-qJI <_aL*J1 A.la JL) I a t a -s Q j a*V> ^-~ 1 1 <,la_».aVI A **■ M ^0*0 * .1 0 ~ 2 u Ji 

^ J A ^ 1 V| *<JL^ La l*t ^ A ^jLojJI ^ Li 1 &yl m II {ji •(* ‘“J-M lii-A j\ uU 

pljtj nl Ajl , A A U, S LajJxX. .£_jLluJI ^ A a 1 1 I j_A Lj-a-J-lj-k-kJI ^-S <_o I 4 >\ taVl ( _^o 

Sjjj U^f C5^1) - COOH aII ^A 5jJ iaAj_p <lx-a 

4 Lui 1 iii £“LjL>y {<A_»^)JaJI d±Q-i (jA» > > 1 ^ <Aa i <L>\ > aVI ^^oj) a -> 11 £yo j t^jl U j \j) . ^ 11 jl ><■ « 

lj],j ( J-kXA-JI 5j-»J-C A I ui I <»I II a j-A a mj <^klx. ‘tyyjj - jiA>ll 4_>_\ > II (j-Lyo jJk Lo^ < 4_l_j .jia 
LfjJI jLiiuaJI -CON H- Zcl ya^Jij . ,.\ maiII <_ijL1j ^ a m~t U a a ( ^_Lj.xJ-a1 ^liAa^ iaLujI ^ l<~ £jj .^~al 
^ ■ w" » « a j] ((<Jl -|A fl)) ^1 till 4_labil^JI ^_A <L**lLmJ I CH L AiAaJI In ... ILi 

(J a flit S jlxj . A-i^iJLXXi 4-Lxjl^) <Jo_tul^j ^k.1 Juai ^\jaVI 11 c-^y^. Jj_o ^-Aj3 Lo^ 

** ■ “j N A \ a 1 A. Sj-AllaJI JAif .11 4_&iaA y LS. ^J| <J -v ~ a <_1_» ^iajl <J-cuJ-uxJI 

. ■ \ i \ i i 1 1 Sjjujfi J-LU^U« <Ia ^1 J$0ii ^ If- kJLxA a^jftLlaJI <_J) ^1 (Jjj 



(J 1 1 1 1 < i i*t II J.Vjk > (jl LjjJI t(_gj_a. jjlc uiaj IjJ i JatLS I a 1" a n Ld-ual 1 -A n.a (jjj itif 

.^aVlj Li J-a.1 Jl <1 i 'i i a V I (jAjjLaJI AJL A <L»_a. ^ j-oj ,1a (jl ^yjLd-i ^dJl 

*> i‘> I <i *Lj) IQ » II oLijlill (jl £~o J . llA (jg < uadll £_idla dllA (jj£a ji < <.i-iiiLLaJLj 

•• f. ** S' £ 

4_i *i j a^l (_y« aj) .o II (j-a alj. j . a V IjAC. dla-A (jl <(j-Jj jSjlX II CjLj^iC a II a j-A (j_o 

* * > 

j^-lc. I t al 4. U dJ 3 olxa Lojjj j L^_jj ( jl 4 juuJoJI " ojIJ I jlj I 

•Luoal (_j«a^ft~t. (jt <jl uJI oLLaj (jti~n~ (jl I (j~cl U~i jnl >a i_dl^^ 

<4 al~i-> a 4-timl (jA j)A"> (j-° ^Lufl 4 j1u (_£ j-a.1 i_dlj^ ^ylc aLiaJI (jj^3 jjj. (_£jA| 
O. aCAJ <ji_jjJaJl (jl £-SljJlj .lilliA jjJI Lade. J^Lj LaJ 4_dij (jl j^vHC 
!^\ <(j->j mu Jl j kLa-I^JI ~i i-cVI (_jA-a_a_ll (j ^ <(_)Aj^l l _ s -l-C- £— i^i^i-)l ^-a. ‘i Lt^a—i^jj 
I ‘>1 ■ -y I ^jjj_iA iQ-i^-dJI Sjj (J-Tl a jXj) it 1 1 Ml II Sjj <LlA (^j-ll < (j <_*** ■ n I > J I 1 ^ ‘u l I - . ti I I 
(_£l <(_>Aj^) If- j . -~A *« « II ^Jo.a.1 (j-o LAUJI <jLa.-w CC-L id ^yjJI CiLojjjVI (jAn il 
(jjij dLs <(j i n-*» II Jo- m ^ , , l~ < \l l Ijjk i r dj| (3-L>l lab •(j iii > 

4_it ,^jU 1 1 ~ ~yX. La ‘ +-j) > i 1 1 , , • II J i/ri'i x , I , La. S_) i i-8 dlLj_A <_i_>jJI (jV * <LLL_Jj_a j^Lol 

.iiLuoc cj jl*s ni jq t-ia~~ (_jjJI ^Kashin-Beck aL _ (jjuiil^ Lo j jLiaj 

_ s 

(j^a iTj Gj C j A c-ladi ^y> ^. lu\ ( jja >_aJLij LijJI 

«oLa Id)) Lx_a Ci » fl -V (j-A aj-A (jl (_^c>jJLLj (jl j ^i-i I I 

(jl ^ j_i i i (^jJI (J. i i i I iii i ll ij ->.."i I ^ ~i ,, « .j a <codons (aj>.alj ^ ^ m~ 

(j -V j Lid >■! (Jais idjj^i. <L*-Ijl dlj-A (j^fj .<Ldj-o^l (_jdj_a_aJI <Lxa.jji_) Ja 

*1 gj #* 

Jl ^J 1 l.\I ^L?k ^Jl A. lb A-ai I a tlC- h \.vl^k,b ^Jl ^ ^vl *y * 

V code ( j-l-oljj j^oljJI (jl Q I/d J-ll (j^Li I <~>-ll ^ ’)J J III I lll~.ll <jljj 

V J^lj i-i^ia. (j^> I_ijj-<JI .(jj-Sj-a. jl Cjalj (j-a UJj_a (jj^J 

(jl (j*\ a i V (jiS^ia. (j^ i_jJjdl jj-alj-llj *-°l (jd^-aas. “IjljjI VI Jila-j (jl (j 5La i 

(J *i a ~ ACG di-i.^ i^_fij^-a. <Ji ji-j (j_ia Lai . j mf. ~i m VI JJ-a— i 

^yjja JJaj (jl jj^La 1 1 il^a, |»-IlAj ‘J^l I »al I. .i <~i a.r\ (J’i a~> CATj Li \ \ a| LaOAa> 
aLd-iiiVLjj ■ i_ij) I ,U a j-A La_o (_^l CiLojLcj I > *i i ail LiA a a 64 -4 3 

JjljdJ JlbiJI (j^Jj -J ^ j^l“V'L~ iuVI ^lj «La_uJaJJ J jJ-iSjt ^ x k tin II (J.'dtILl 




^ Sjls ^ ^- iC ’ jl ■*■‘*1*1 M I ,J1 X 4 II 3>^Jj J i£- < mI -t t ll^j aj jl L 11 

(triplet code j^lj ( ^ - i -K*. I I ^IjjJI jj-djJI 3 jL> 3>liJI 

. \l m ." ,„V ^ jj . . . » ... ( /)_o dlld-A jjiLjJ .i_Sj__^JI <LdJ^ld (j-lc- J (_^l 

j! 

L^Ajlj j (£j ■ ■ ' cl a d U . . .1 j ' (4 i*i ' .a V I l _y& j) o -a. II ,jA a > jiiu jj_o! j 

iM * 

j_iX. lj-^— i ^ Q~ V <1 A. 1 . 1 — Ira— 1! ^ 1-A^j <JlC.I^J) O^Lj 4_la_uj|^_j 

^alj^JI <*l \ \ 4*1 > (j^J-II (j-J-oLaJI J jJjj Ja^.,,11 (j 1j 

4-jl ^t-L2kt « I I ujjjJI dLlj lj ) A < t i ^l mj jxJ 

^LlLVl U^«-J 3 j-o ^1 pj^>JJLj <U_jjJall q .. «.m » j 

I J_dl J ■ jj t->“ d ‘ 0 I w % /\ 1 1 V .‘II *1 . a _) V \ ~h (Ld-id-ol A "w j-i-o _>lj j ^_o ! J-J I 

^j_4 ‘3)— lj— A-* Jlj -~J jJI l—o VI ,_)A_o_s— !l 3)1 ja-1 I t— i— >lj >) 4 t t mj ~i I I 

1j-$J jj^l ^Jl 3)1 j! :3 )La^-V! yAau ^ 4,~l_l A .A~i 3)^ OJ (3) . t _ t ~ t - U J _ > “ | J.'_ » L . | 1I 

J '- > ' j < . a Qj " d «M * K I .A il ->J -\ ~ . ii i j (TGA ^j_A ,_jA o.-a-]l 

=* j, * =* 

TGA jxj) n 1 1 i<i II (jlS> IjLfl . ^ j) t v \ 1 in II Ijuj 4 1 4 Jn^ 

: La j ** c. JjjL» IjIj ■ 1 ^ .4*> j 4 a<^ \ j 1 uxx 11 jxj^JLuj! " j* - \ 1c . 

.«3)jjj^jJI lj-4 olid 3 j£ i_i (^>4-o» 

<5jJ!j <5lj^l 3>o o^_iiu Jjtilld 5 j'jj-ui-oJI ujjjJI ‘ 0 ...1 jil 

f^-Ajud-5-0 Jij) / « i .Ha L > ij^ 1 4 1 it— i dUj-J ^ ^ J>l Vl t4_Jl_aLj| 

C)1-L>-L>A-aJI 4 x i tK 11 ^jl oj-^-lalj j\ ^ 3 ja 1 1 Lj ^*1,11 1 1\ i a 

-0 =* 

j s jSJt juLt II I 1 a j A \ II UjU^ > ii» i5lj1 

# J! 

jrLlllI J&j> jJj (^j^) j>°j u*^ ^^>1 1 

<1953 jklx. <ijLx2^Jl cllj . Lu^jJLj oljUiJI (j-o jL^ LaJ^ olj-^ ^ o v »^> 

jS j! 

J-tu^Lto 3^ t ,_y- i ^‘ c^l i_s^*j 3>^f |oJ lj^.i 3 ,^ (Lu__>Sj ,-,l iU» /\ 3 jx ^JLIa 3)^* 
CjLajjj_)jJI j^jS iijjJI-aJI 4-ld-l-oVI jO j) a -w :' 3 ^1 — uj Cul^J (LijJI _■ . “t. \ t 1 1*\ H 

jJI (1918 Frederick Sanger jJ^Lo dLjjj^s 3,1^ :<lol^ j±i. 

Ii* 3)^J ((1955 jklc. 3>dJ j oiddVI 3>'j s _jjjJ 4_Ldjjj Lidjii |xji 

it * 

• a. JldLaJ ^-ddjlj JLa-o (JLlA 3)^ 




(1968 -1904) c-i j) o l f . ^ ^ Si jjj-ui 1 1 4—^1 dLui V 

Big 11 jL^ilVl i^^ki jJLU <iV »kiJI £*-J j «lLk^ George Gamov 
cC'^jlu jJl-iju ^ >1^ (J 4/^i ^jjc. Bang 

cA\\\ £l j *s in (Jll moll ^^1 <la! >ViI J^a-j ^)i ^jLx-ik.11 ^_o ^L$j 

iJLS j[ <juoV n q » * s jAL j^ .Aa." .^ll^jJI ITl^o Vi ^x . ,11 jj^aJI 

a ^J5Li?i L^J ^_HJ1 u-Lj^L^JLII ^-S ^jJ^JJI ^jLa j) **' *"' oil ^jl 

J* 

^ tK^jJI jd*UI LfK <Tii ui^jLxlJI 6di cjL$ •*— aJ^JJI j^jLki rhombus 
t^-dxj 'J-^-lj ^i-Lc. J-a-Glj (j-i djLjJ-c.L5 <£-jjVI 

w o * 

(jl^ .j^Lk HI ij . j-i-VI -U-i-fk II yt 1 "i i jj j 4 <11 Q*i Jn 1-^k 11 <y SacLS 

jr jj) jfAVI jV 4 jjj 1 ^ £-* CT*-^ lj-A 

S' ^ 

A ^ M.lf.lSJI oll^ 111 <-W) 1 ,,LaJj ^1 Lu-n i (T...A (Jl-o <-ollILa A£.\ jl 
4 \ 1 v-q ^ I (^aj) a ^ II ^1 c^^-aLc jj) tiLll J_a_j .(T ^ » a 1 \ (_£j_^VI 

a ^ ^ 

cdJl Jjlj Jj^a ^l_fll jxj .1 A-o Lflluaj] j j > Loj^ll Cjl^9 i^x-luLIaJI L$->l5Lo is j c~ , ,. a 


^ ^ ^ ^ f. c- 

)_o j„; L-^jIj jl Lisl I 'M a iV 1 4 U ml j: > I xo In l l jj Q AfC ^.jJl .".1 * n a II Jl ^ ■ VJ J| 

(Cull jjs laJLs codon Sj-olj I^yj itif. (2)1 4 n. i~i~i 11 Ci'A^S <4 ,«,<i fl~) 'J I (j^n-nTv II 

i 

^J 4j 'i fLiA OjJJLJ 4 jsIa 11I (j£J .4 jJ| ^l~i^k i 4j1 ,.\ 8~> i (2)^ (.5^ 4 mij ^3_)JI 
(2j-« J^jI a" i <i_a^«Lc. jZ La .i—iLiiVI ^C-dl 2 >^jj-! <2j^-° L r’^ a l ^ JL i 

.d K ,^, /ill aj_a (J ^ I djLjIa (2)-° j- 1 V 4j| i4_iiiLi^JI 




£1 *•' 


j-*-« _»°b j-f- 3 4 jf-“ Sf 

J „ 


4-1— LdsLan 




i_Sj-oLc. jj-dl^ (2)^ 

4-i^iij O-S^JI (_j-s Sjx.LS (2)1 (j , ~' * ^ j ^overlapping code 

j_oljj_ll (2^-0 . a It ~ » AGTCTTG (J m I m ~i II ^ )l_s <lj_l .4_j^LiiJI j_i ^olj_>JI ^_a 
Jj_.il jJIj . AGTCTTG j .AGTCTTG j . AGTCTTG j AGTCTTG j AGTCTTG 

(JU ■ 4jlj i in II alliTii Liljdi. Ia itij-Q <lJjLA_l ll_Aj C I Ja |Jla_fi . l^ l^A-oJl 

-idiV— i-ii d-® J II (jl 4 t ^l^j * A II Q V>5l iti A .^^A.1 l^l ^k o l X J .via J J 

(jl -Aj^ LIjI (j-ajlilJ tfJllaJI J^j_cu ^ IaJ .6JjlHxu-o < ilidoVI (j-l^-aaJI 

P S- 0 ^ 

(J i af. 4aJlLa1 J^lj .j i-iA-i-ol juAu. i It ~i i j» i^njl (2 j-ijjjj J-4j '■ ' *~ i * 



nil <(NiitraSweet < < J ci^wj ^jJI) ^Ij^LlxuVI <LlL^jJI 

p r 0 0 fi m. 4 

J > >tft ^ t*l \ 1^)1 \ ,nVI A ^.,L,l1.1-C>VI /j \ a 11 MJo <_1 J * ft 

3* 3* 

. J n \ ^ Cii.\ ^jLj!* 400 = 20 x 20 ^iILLa <1 j/t j A 1 ^ ^ Cxjj 1 r ~ ^ II 

CCGA (Jia <J£.l^i £Jj1 (J-^I I" ^ > <i_AI_>J-a jj-ol Ji j > lAia V 1 j \ <A-a^> II jia jllj 
CCGA j ( iLa-i liija. I A*C j j_J jjjJI ^ \ t aVI (jA-o ~>-.l J CCGA J j .^-w .Ll 
4..a..t.1_g“ 256 = 4x4x4x4 1& ° ° dll j 4 jA. I - j * n ^ * * ^V1 _j a ^ 1 1 

oLula!) ja J ■ A JSC. jaajj j^.a.1 V IjJ Cil SjZj kA^lll dtl^ji ja 4j5Laa 

a j j U. a I I oLLJ jlJI a j A CjIJj jJLi tdllj £_aj ■ ^ I ^ u Aa.1 j ^lajl i mVlj^ J. i~> A 1 11 

«•> 

c4lA oSj a A ljlJl s ijAJI iSlal c> ■ '*~ l “'" jj <t.»-i tUII jl (jit Jjj lAij Ia IL 

•f. 

V ^JlJI 4 ilUl.ft.ll jj)I~x-JI <LuiJ I Int i ti k i aLaU <j_o J-Jj-o <-2h.L^_J 

J^L-jJI (1927 jkLc. Sidney Brenner ^ uj m Aij vr* 

^j_o CjJlX-lLjuJ a a II <L^|j1aJI j)^JI ^ k ■oa Ch*"* ^ Q :<KAaJI 6j^J ^-«-l»LaJ1 

6 ^A) ^a. 1 ^ 4 mo jj jJa^ ^^AaJI 4-ilAoVI (JOJ A "^11 J-lu^Llu JaA 

fl 

tr* jl •-*>»« <j-® j- jj -«- ~ c^' o' f Jf-ll (jAxjJI Ijj 

(_yJ| AGTCTTG j^ol^Jl _>AJo IjJ <lj^ ^ j . ^ 1 1 > ai i_^j ) » *> <j^Li» <jL»J 
<AGGCTTG G -0 <JLaJl aj~a (j-s . a It ~ij (j*^ « > <jLs <AGGCTTG 

4 .« i t__a— si jx. (^j_o dLlj v-~ ~ mj La ^_a <lji_4j <AGGCTTC j AGGCTTGj 

•“ *f 5 ^ ^ «, »» 

(_yia. _>a»j (J!a^~ ^a I J it l j^.A ~\ ) ^ ‘ G j) j A . » Jl Lf^ ** ' n ~^> n 

.SAaJj Sdtli u& 

(j^ajCjjLaJl (2)1^ 4 4 lil j <, \.jA~l 4 a jlisLi 4jU . * ^a.1 Jj S au ■ ill ‘« * 

Cj^jIA Cj^IAI 4i a II ^ A ~G . pI^jJjG 1..^. ,1 iU i 1-p <1A ^ 3 i t U II ^5L- I (j ^ v * a * (j_^ i^Ja ijl 
oLi <i_jAI _> 4-a j-t-t jj-alj (_y-S ^ -k Sl,.L_l-~i ^j_i| > 4 \ *\ j .jk_i_SjJLll CjLaiCt 

J (AGT)(CTT)(G..., J^_i_Jl a _.Lt Ij-i. j J ^ < n _, ...AGTCTTG... 
oljUiJl jllJj .dLJljj 14Ajtj ...AG)(TCT)(G...jl <...A)(GTC)(TTG)(... 

dlj^A o^j . j^oljJJ jUaVl ia.lj.aJI CjIpI_)5JI ^-lu\ <iiLe^l a 4 l~i a~' a 11 d a l~d. n II 
jJI jl J 4 \ Ut a jal j^J 4 t j.i'JL) VJ 4 . 1 A. II Jajj V illVI 6^4 jl £■ j!5l jJ5 




llA 5L jUta^l 4^.1 j^JI 4>jA Jlo ^JU^aj t^u-k-i <j! '—(-'*-> 

AGT ^ <...(AGT)(CTT)(G... ^ 4^ II «"tll SpljJLlI jjl 4 *1 1 tjJlAoJI 

iLi TCT j GTC jUa^l L~ -J j_aJI ^jlkljill C I I j 

J— i^lj-fiJI ^j-a (JLl I U i<~i n j_i_aljjJI ^ya £^j_jJI li.L^ I £_loj J-ij ~i » n 

LajJi_c.j . ^ 1 9 j_ > cjL-a^Lt (jjj (j-o ^j<< ul i(_> i^> t..> ^ji (Comma- fr©© 

jjjajj ^-8 J-uilll IIa pLSjJ £_o 4 -k d^(JI > 1 111 H J j-olj_>JI 

.i_>J)U'» n II 8-n II JJjuII LoLoj ^j_Aj ( <X-^j .iii /i <jl ' (j *>.n (j-ij-Ar. ^jl 

(SJ^'''~ — TTTTTT... 4-8jJ_jjJI I I I ,\» i~ iii i (JULqJI J u iii Ic 
4_j| jj-olj_ll U^J ...T)( I I I )( l l ... J ...(I I I )( I I I )... (Jji-O ^>JUVI 5pl_)J !^yS 

3 * * 

jJLs (jUoVI ^G-JI oUl jUI IKaka ' ' i -v ' I j i 4-W) Llo n II jjslj^Ji JiiC. l.al j j 

* s 

.J^Li jlki JjucIj Ij^a Jxi 

j^jJI 11 a ^k l^-ualjU^I 1961 ^.Lc. jj-is .liilj (J^2 j j»J 4 j i il->ll 

{ye. CjjJ-A! ^^iJi 4J5^LlJI 4 ' i«"i 1 II Cj^LikjJI Cxlsjlj < jj-^JLaJI J-olliJl ye. 

Mershall Nirenberg ^yxjyy, JLAjLa C ^>I_^VI 11 a ^ jLdl j_5j .kS^JI 
5j_al_j eLlj ® "■ ^ I I I (jl Lljlj ^jjjJJI (Heinrich Matthasi ^L^lLa 

ye jjJLaJI dlLoJI jj-aljJl jk .iii (111 J _i~>tl l ^j«~ Lfjlj (<J^jia 

=* 

. Uaj j-£) J_t^sl jUI 

l a IJ U II j ( a a 11 |_^_> jJ_luL> ^Ijal A ( I a r Cx (LfC 4 ( i » U II /jl 

<il -in a i (_j-lln (jl oj^ l-> ' c codes U id (i oj^la jli 

.4 — luAj j^-joI^JI 6pl^-iJ1 4 — loL^x aLcl^-a ( I iLxkV I 

4-Jlc ia.j(ij ((j-ij (4.»]l Jjjill Cil >1 1~ III I i % \jSj (_jUI (^ 1* ill ^ylxajl 

0 A^~J I ^1 j _> ( 7 i ~ ^i^VI ^j-Lc codons j-^ljj o-x« ^jlc. (,_jl_iia)/l ^ 

<j^ ‘l-i^- jjl-^ (—jIlloVI llAj .(11-2 (J^ III 11^ JJ (_jl*-* (4 iiiSi ^ 1 xoV I 


i «( 1 1 II l * *■ uu Ljjjl yt ' « I a j 1 i dUj fj i 4 *i in j-*—t <ja p 14 . . pj ^jjl ,LjjJI Ll^jj ji] (7) 

J >~( .all ^ j UUU jjl 1 ~ ( <t *U (Jiculj^pJC 





j-oIjjJI L$_J| Jj *tT> 4 t \i A) V I (j-a^-a-aJI ^ ia.^.11 (jjaljJI^ J_^JI .11-2 Ji-uJI 

(Jf J[ j-o^a UAC S^-ol^JI (jL-fi <Ia Mi^Jl (2)-a pl a II Ijl < Jl*i A 11 J j i <11 ^^J-C. • I-J Bj^_aJI 

4 >*> x n VI i^aaJI **1^~ .(12 — 2 (J*\ (Jj 4<>lj^jJI Ja-aj U ^jl -la^V .(Tyf) 

£-2 ja» ^>a^1 J 3 -^- 3 -° 4 a *> t n V I ^j^a j ^ . a . J 1 Is a V .^jJL-uaJI jUaVI j /> <<a >11 

ACG ^ > />-a j > 4a“t l^A-a-fl .vtJlaJI 4-flj^. Laaj <<jjlc i_/ila.o j^-ol jJI ^1j w l j 

.{Thr) apjajUl ^1 ACAj ACT j ACU j 


Jj > »» ^^-Lcj .<G .1 n n i_tsljX. l^J (jl '■'* >~ <«'_» Q <« ' l I I (_^-S ((pUol^.1)) (_X~I^-) 

jjLj IjJ I (j » ' » •> j-°j-* CCG j CCA j CCC j CCT ^Ls J' *> * II 

•(H- 0 Jrt^ (-ij^JI ^ Lkk. 

c^la-o .J^La-a (^A-a-r^-i ^^IxaI ^j^a^w J llp-ail LjJLc. <t ^jLfl <1 Afl a 

4-ax. ^-»Lj J-j-IaJI (2)^ <_^L*JL-txiVl ^Jl TAT ^Jl I I I ^h° ^ *■* ~ H (S^Jh* 




*> !f 



^j U k l ll p-IjjjJj JJ I I ^_s L^Lt^aji <A.v JaJI ^ \~I*~I <SLl^JJ 5LLS <J M-iiill j ^jVI 

. (JjlS (j-° Li j L£ 


jLfrjaJI 4 L . . . \ yc I jJ '■ 4 a ->-j" 4-H i n a .~»*il^ c I j I ■ l'~ i_'.nl^JI 4 \ II > II 4 vtxll Lai 

<ui=JI al j.i JlLI J LJI (jl ^-A 4 ' mLmVI IKmh II . 4 1 laJI J^lj Jj^a^j-aJI 

LvjJl j . Lg_i 4Ja i.-^^.ll La j jL> j~i > mil j ^s -> t cA t r.j^l \ I ~» . ~i (jt (j^a. 

<(_$ ji_jj-ll t\ iLa-ll j. i 1 a j*d »j~ > ■■•II Lf J[ £- ^ Jn~ in \ V >*i I a-i 4->Li_U J ' 

Slfl. ll a«" ml uta. t i^i i-k C»La j l « -aJI JjLi (j£-aj (jj[ i 8 '*\< 


a -s. iii'i jja j < ribonucleic acid (Li_>JI^ (jA a -> II J ■L \_i Lj_A 

(LjjJJ H I () . a\ <LaLaJ| A < \ i H 4_i 4 _i_ujJI _j a ^ II c . LjjJI (j_a jS’CI 

tf 

. 4-1 .lcl^j -4 4 -La ^JjXi C»' 4 . x<i.a II - j*S II (j^ Jj-at (j-a > 4 H~~ 

J-a. lj-A i^yA) U,'> L _^=,jiLta I J-* (jl ^-i£. 

4_j_LaoVI (j * . ..^Vl Sjj <LiJ jJLij ^LliJI JJ-S «J» (J-a_a Lj jJI l j£ « J» 

ft 

(J-* i rt \ \ 11— > 1 A Ljj 4 -l^LaJL-luV I Ctfll LkjLj 

jx—ual ^Jl <j-o (ju-i-i .(12-2 (J^ .ni II ^_fl U) Jpi-flJ ~ ^ .1 J-a <Lj 4 ^ in 1 1 
(j^a j) ft L a II jj-a V J_i j j) ^ ' jJ 1 ~s ~ i n I IjLaJ jl T Ja a (J IjLaJ LaLa_> 

k_<a > LloJI i_i^LLa-VI I o ->L» oLlj Lxj^j u' ^9*0^ j^- a » J l ^ j-v j h^ VI 

CiLs!iLLi.VI J-a.lj .a^^-aJI L$_ 1 5 L . MJ Jjl L^-aa <■ _» ’>_> > (^J-S 

d < 1 .^Vl SjLaJI IjjJI JjL» (j^a_)j-L> j . i i -V.J .U i^t. (j-o k_fij^a IjjJI Jjl j-A <1 m ijjJI 

6j^xq <LL^.^a <Cl4 Jo^ jp .ml LjjJI >4 in \ H 

^ p ^ p p * * 

Lacul ‘ 4j . /j*s a i IjjJI (jl 4 h ~v^La 4jj_dl Aii^J ^C.jJl (_j*aAJ j-S j jJjj . 


i 4 

(j-o :SL"k II J-ual . ~.N . A » a jj_o a . J 4 I i A » a (J -wJ 4 4 i.,L aijAj - a j . 

4 iA i i II jkl ^4_Jilj^jJI SjLaJI jt-lii -v ~t mV <-ijjj - k A .JI oLa-i^jiM^ 4 -yL-^jJI <Vjl J^a. J 

. ^ CjLa.i ja V 1 JaU-aJLl 4_ijjj_acJI 4_ul j^JI SjLaJI^ 




(J j S JX.L 5 . 12-2 J ^uJ I 

(J^IL^O <X. J>-a > A <jl J-S-fij ^.a.a^TlI I £yC. (Jj 4«il ^^-a-ll > fll*t"hj . Li^JI P(£j^ 

j-i-uii^ j . j i VI 4_i£^_JuJt <LxJLo^JuJi JlJ-C (CH 3 ) 

^ " % “ ” 

UP jl ^jLiailjaJI ^jLla^JI j\ m j j ial-J-i ^Vl ^ ^ << 1 I I 

’*’#*** 

.jJoljjVI £-0 Ifl Kiju ^nj! JojI jjJI £-2 j-o 





— Lj^JIj (mRNA) — Lj^JI I>ij...\ <La>JI 

cjLo jJjl-JI JJLIj OV _ Lj^JI ^J-c <L»l«x»JI 4 * ** *(tRNA) JJiLlJI 

J^-lujJI UjJI ^ i\ </Vj ^JLi *<JLuji^-II JaldLiJVj . Loj^Lj^ILx-uJI L»jJI Sj-o^aJI 

jJb £_o LjXLJ -U t j^ajX <j-o dLlj J <LjjJI £r m \i m-i 1 x\ W a 

t6mpl8t6 j-a-J l-JU) t j\. .U i II dUj jxljJLI 1 ni-A <LijJl 

(LjjJI lg> ft.g i"> \ ~V. £t_uj_iJI «Li_LoX ^ . J^_uj^JI — L»jJI JtLxjV 

Jl 

j > '--n II aJ ~t ml (_£jj| 4 lii 4 ' in i -yjl SjJj-.A-ILi 

(JjLoj La (_y-l £ - (J V lilJjJj^ Ja^aJ) Jjia (_y~l- c ' 4 jju 8*1 at -nJjVLj Lajlj mi II 

jl IjjiiLujj £_S.ia <£._>_Laj Lujij rf mjJI 4 il nC ^„iaTij . 1L> (j-8 ~> ' > ^ a.t-i-u jji 

( jJI ^fLua-ij <4 ‘**1 *» H ^j_S n. lc.1 a ^j_i.jjl_s jn i CiLjUiJi ^_ya LjjJI jl^_LaaJ^J Q ■■■*«" ■ ■ ■ « 
aia.lj n. 'r I a Jjl ^_c ^ .4 J~v.ll LjjJ J^al^ n~ n f- \ ,n/n mV CjLcLlu ^i.m j%.i 
^ i i“l c.1 U \1 I 4 -N. A H ol r> VI m^x tl rt ^j-° 

1 0 J-^.1^5 1 U^k VI V i pLLuk^l J <!a_S_> 

^ s 

Ij^JI 1 Jh*~* <«*■ (^5^1 Q jlh-jJI tst \ Lo, \ > f.j . 6 J c. Li 

5 * J= s 

V-oL^. <LqjV>JJ)^ i mil ^Jl ^5^AJI pLUlJI ^1 441.0 LjjJI ^)£. I Jjjl > 

. <LlxojJI CLoj 1 * A <JLO 

jL^jaIL ribosomes ( ol auLidjJI 1 1 a 

Ctlj <LklrkJI ^_S 4 t<~\ ts\ “N ^ e\ CjLj^^_o^ <_C 4 a iC.il l CjI v-u^a II .^13 — 2 

i i /-i jj-iJLaJLi^ j-aij LijJlj ^j_ljjjjJI ^j-a . ~.l ■« a -^ ~. ^4_y-C i o M Lj 

^jJI Li jJL in La jj f. ajjia 4 j.j.vinj S>Xa.j .1 n. ~i~i |»j '* l * 

4 < -n I ■ II j_Lal -n. aJLi 1 a ->■ a II I ajM . ... II ^JLc ^J| tl 1 1 -a II al J-- Jj_a » » < 
4_L^._j_oJ 1 ajj4 4 jJI < i*t~tll I 1 1 1 r (_^jJI Laj^Li j)~i-i j 1 1 1 1 j^VI Lai ,4jjLtajSJI 



GfJfJ (_5 jJI (_5j^j-ll 1 y' j. %.l l <_$I ijilljl LijJI 

(j-« i— aJLij <tRNA JjLJI LijJI A <^_r> ^ jjjJoua < 14—2 ■"■ ti 

S >J i ia-i 4 a I t lS (_f&J .anticodon S^al_)JI 4 1 iltLa <.a. L>. j-A JjVI . t j.i.a..0-fl (jjljjs. 
<CGU SJjsl^JI C)jt£ tjl <JIUI J 1 1 hi ^ 1 » t .(J^-<ii^JI L_JI ■ a^«~~ 



< 1 a~ - ■. j J X ■ 7 . ~ 1 !_*_* jI '. -,-, ■ a^a-aJ I ^ a I" A. a j*. mi ujJtaj .*1 3-2 J4 t"<ll 

1 * * 4 

1 6 j. l t*S 1 1 6 I Lldj j . .« M H~I 1 * t <jSk . ^-L,„V>VI <-J-ftT. ij;.j). \ ->- P-Iaj] ^^-L-a-Jl 

j -y *« <5j£.LS 120 j 2900 ^JI^jJI ^_Lc 1 l^ia £-Lo (rRNA) ^_<-uLj->j <j-o 

* * * 

9-(£~js±. SjjjLuaJl ^-fl .oVtaJJ ^la* o f LailLi^a Uoj^jj 

J^.1 jJI CjI *l i~i^^_>JI ^ ft ■% ^j_a S J-^.1 j 4 < < i SiXcLfl 1540 ^ -djo J~lj ^ Uj 

.441*1 -v ait 


|\ <i"t n 11 Jin' m~ II t j i j) < \~ i ii 5j-oljJI <LLLLo (jLi < (j j l 1 j V I ^ ~i i<a^l (_)<-> AV II 

< .. I j. lajjl' 1 (j II JsuljjJI 4 4 il In a i CG U SJ-ol^JI jIa-jI a-lajl_m-i ^jjl GCA 
UIjjJ " i a 11 jLUI >j_4i 1" 1 a J la L^_j IVI^ 

4jl^j jjx. ^.\ i t jAa A.rwJI attachement sit© -LLujI ^5^-* a ^ *JI ^jljJl 

4jj <s-^j^JI ^2)-° ' 4 jLlL 4 i l-i7i II II <idLu Lm 

Jjk <Jaii i>.lj (_jA «-> _! ^ I/1~ l~t (jl jj^-o-1 CjIaajj.i.15>j^J1 Jjjs J <<i I ,<«~ 

,<JLaJ| (j '\i-%jVI 

. -| l*Tl jjl Jjlj . La j!^L>j~ i mil (JJalj ^_i. i-~<. ' La (Jj.-i.Vi jl ^jVI ^ ltl~l 1 11*1 

^ si 

< (_jJ j ^ I Sj-olj.ll (3i>® ^ i L 4 <<il i i_jJI i . ft t^Vj L jJI jj-° 4 * V-i a (j-L- 4_. ,,1 > .j 




1$ a i«*>j <Jj j -ii II oLIjJ-aJI .{tRNA} L^JI .1 4-2 ^ ^ 

£Jilj-aJ 1 lU ik»J i A V A AJ3^ jl III ill ^Jj, .Li jljJ ^"11 dll A ini I L*_lj ( 4 Cj^\ ~ ‘O-Lki-aJ ^Jl.fk nil 

<_Lu_Lu ij-Jj-ll 4-Lliua LaI ^-l-*JI |Jj$_iiJ1j ^Cj U^JI) .id^iJI 

^ISJI j^iijj ,^J > wJl In t I jaJI L-Ui/[ IaJI \ k^yi ^ y> a A Jlj Jj-mjJl LjjJI <_£*$ 

fjjJJlJ! SJ£.Lao^Jj [J t \ k ft 1 1 i^uA Ijj 1-LA jAj) ^ 4ll% (JiLi Vjj ^-ft ijjjiii -iaJjjll 

^ j.‘_jJ 1 j j U. t .iaj.la.AJ1 4 i \ > JjJ 4 \ \ k 1 1 J j-A X li ^Jllll cujJI jj^n I 

J-Lj-o Lilli J-w \ u-iJl-i.i-1. i ,_j5J t |k A 'k 11 v^Ju a rj| ^JjlaJI J*C III 11 {j£L SjfLi ^iaJUJ <Cj 1 j ill £jti\y 

.(^JA.1 dllijA. <L_culjj VI) 


4_LiLa-o til 1 a~ L^-il £-A rL^Ja^. J^LJI LjjJI ( /j_o <_£. j/JU> 4-C.j^A^k fi "jj 

Lij > cilJj 5—2 ^j*\ All) ^Ll^LI^U <jJaL>JI Sj^aljJI 

Ij-A J .» , 4 U1 k"ijl (J-aJLa^j GUU _J a^-ol^j <lL>ULo jJ 

e. * 

i <_JIjJ) Uft u"i ^ji ^_y& a it»l \ *^)J1 ^j \ a > Lla <L>ju 

Sj-*l j iLLLa jj JilJ IJ j ^Lj ^._uu<UuJ' .AGC (jj^j (jl 

# 

a j^»— 4_1 ^..'U nil ^11! <A_a ^LaLi. <AGC J 4 a il Ua 

< n I I j-a. j i A -. fi <a^j_aljJLi a 4 I il < rt . Loj^L>j)j.< mil _)_a.l 

.1 , 1 -> " i CiLa-ijjVI J-a.1 ^ ■ (2) i H 4 II e-^y^. jl ^i\ L^_i ^y~*\ *>-JI 

■- . 

^2jjJG . w~i m 11 ^yjLLi Ai \ > M's.t, (i (j2>jj i i ii II iJiLill Lj_jJI ^2)-° 

Jj£. , *-!•* I J jl-^ A I I Jj jCi I ( _ r L^aVI j_>ik^JI JjjljJI CJI Jilljj - 

(-uJLLII SJ^-al^JI (_j-l-C. I ^ 4 ml i <jJI l->4 m~ J JJt-i j -_K^I O ■*■ fjj 

f ' . * _* s ” 

a JjJi.JjJI '~‘l I a A II a. J, I J *-‘ ■‘■II 4 I I II I III Jj A *.* 1 . -. -J t"j .4 i 1 a . II 

& 

.LaIj^ju JjLIjj (J-^ J^>4 Si^jJl Llj 




i Vi <mRNA j -. L>jJl Cy* 5-2 

.^— uj^JI ( j~& S^^j&UaJI y*£- oLujLlj^JI iJ^.Ij ( jS (JaaJI <t.i j *^- 1 .(tRNA) JJaLiJl _ Lj^Jl 

.GUU ^ in I jjj ^ lx. ^j-iJLfl 1 ^ a 11^ CAA 4-L»l a <•> jj t _j_fll_iJ I _ Lj^JI -l-> » 

^lc. j l~ m > j ^3-=^ J-l^_oj UCG iLLLo jj j-^.\ JiLj Lij ^ j $ j La ^jLcj-w 

Jj-jjJ III I lj ^JLflJI p^3_^. ^Jl CiLajjjVI ^ iAiJ lilij Jjuj .AGC < ■ L .tJ-jii. n J 

l j£ ^*.1 <j_dLfl ^ j xl-J Ij tfj CAA JiLlll Lj^Jl j flLj j ( ^ - (jjJL® ' LiIa. J i 

.^vi ‘uAa^j u_i ■ ljjLaII LjjJl jl 5 jS^rr , j <Jlill ^Jl 4_fcuLij^Ji jr/ri 3 <L* 

• ( J^- I - U ,>M — L^JI I JjjjjJI 4 L u J i n ^ja-i <j5j^JoJI 6^_» 

■ it C.V) J ~i n ~i i .^jJLiJI j ->■ *> II ^jlc. i. 1^1 'Ll) (J^> l .'~vJ ~) I t i‘s.^-1 (JjV l J~I -i. 

LjjJI ^^^JlaJI J^.Till JaLtuxll^ cA-a^LtaJI Jjijj U^ - * ^ l* I .mti^JI 

S* ^ 

1 LijJI (j| Lj^JI (j-° oLa J-Ull J t.ViTi La IjjLjj . A Lj^JI A 

s* 

£_a Jjjl^Li LjjJI j-a. (j jO-j-ll 3 j ^ *-llj .([ t -t .V (SS 1 111 

(J_i^xfiJI j '"' , '~‘J r - LaS^ tiJjLaV iijJaj j 4 ' 1 1 1~*\ 1 1 (j^iM <<->-Lll j»cAt 

.(JjVI 


(<^_i^alj LjjJI A > *i i <Ji_jJLaJ 5 J \ i<JI «t..i.a-A V 1 ^yj£l J^l it* * l " ) 
j-i-LJLj 1 j j If |3^°^ yj ^ ^ ^ oLLfUl £^a j lj$ II 

si 

3)-o ^ ^ Vn V Jal <ti\ll 3>-° ^ L^_li V! < ? <i $ t r> oLiL^ 

. ^jLJI 

3jI J^lu ^ II ixLiA.* <LuJI dlLlA 




:LS^Ual £j »* . 11 *: « ...ViVlj I* >1 CxS^ >i5 .JjVI (J-ua&ll ^-S LaI u.t ^.1 

jii « lit (j-Aj pUo ^.1 - X~j~ ^1 n j 4-LLi-a^l ~k II j Cil t^j-jJl j^JLa-S 

j .li I *c M ~ ~ j) : 4 i P '. I 1 J 0 ^ " <1 I ~k iiL II J (J *S Ul 1 I I_|J ^ ~1 lll~l i ' ^ a f i J *S J II I 1 (] jjj U 

(jl >U* ...* 'jj (. ^^JoLaJI ^-5 j-aJI (j-fi LjLxa.1 Jj l*"i l g !>*£ I t^l I ra "' m a 1 1 

J-Sj .4_kjl_> J < [ , M~ jl ^LjJI 1 $ » 3 >-o (J-S (-1 >Vi . ~i (2,1 J-lJb I 0 \ Jajk 

* 

U jJI ) 1 <y.\ if <aialA. <J&a^)-laa LjjJI q ml \*lj 

( t-oJI ^a£. Sj-oljJla JJila laj Ai tlajJI I^Sa 1 -oJaX lia^. 

.f jLIa fj. \ ia1 (jAft'-k 4aX g.Tu JjS ^ </*> 4-3a^>iaj Jajaj-aJI (JJSlaJI la ^Jl jl ^a^. 

L$-al <il <S j-jIx. cjVL^ I iic Lo <cjVL^JI &JJ& a%< <cUj 

4a, \ S^fiA ^flmi ££jJI <Jais (J^VI t A^ 11 . 4JS j\ nt% II <al^JI 

<Jaj ^ <H.Lk s jU; Jy y ■■■ ^ H J_oL£ ^ <somatic mutation 

tf ^ 

j^.1 mfljVI * 1 A.r>f j . 4 1*^ ^-uLiJvJI SLaaJ t flc.1 <A t ^ ml ul ui <aj) < A a II j^Aa 

£ ^ 

\ u~\ ^ ^jxilaaVl U ^ ^Jl cdlaJh ^-flLLJI LjjJI J A. la ^^ul^cVI Ltj >, ^ is\ \ x\ II 
.j^alaJI Ja^JI ^Jl (^1 II pl^ja j^laJI j)ja-oVI dLlj ^Jl Jliaa^U 
germinal <a^^j^^JI ^ t uiIjjVI a j qU II ^ 4i) | jj^aUII ^-lt ^ I Jaa^ 

.mutation 

if 

LSa^Ja ^j-o J ^1 dll-Lg > ^- 2 ^ aC. ^c— «- ul \~\ II tAl^JI ^y& 

^ if 

j^^Ja jkA^a ' Jj 2 * -ft L j < s_i^i > ^ 4jl af 4aL_» /j^^a ^jl 1 \ \*S n ^ .laialA 

^k^a ^aLa-cu <Lal ^aaj .la_A ^jaJ ^^-^.^-0 la^ LaJ < 6 jjLlJI II ^jA x \ 

<j 1 (jl lajJJ JaXcJI ^ojlJI cala-uil jj_o^ jpa <Lxfl ^Llc^a^ ^jaaAJuuj 

i f 

. \ Cal^) 4 A 11 J U ^ If. ^jajjLiJl ^jajj) A \ /j| l_^_oaa^a ^ ~^J) aaal 1 1 >< 

^jJoLla ^_4j jj-o jaa£ ^Jx. ^^aaa lajJl jjl ^_A L_iAa| ^a.1 ■ t * ... clllaJh^ 

^Jl j-o^a Ja^iaJI lajl j) m o i \ fl fl l^a intronS Cjlaj^aaVI 
^exons C)laj_jju^yi -HM ^ LjjJI ^ (j A II plj-a-VI Lot ‘(^O (3 I > *>**» 

< <a| aaajaa ^jj_fl Cjla^^aaVl CjI^j 2 All Ca »■ ^ ^ 1 . <JIjl 4.I1 ja-o^aJI j^Alaa 

>M 

ij <n-> Ij J<Li j^ic. ^ 1 ^..Vi V <uil j^JI j jLaJI i*l 1 1 jjV <j j .a » 11 ^ 1 c. 




“LxjjJaJ! (jl dJj i oLjj jtLjl jx-oj j-lb (_gj. A ' II LjjJI (j_a )j i I a m3 jli la-a-ll 

V jjj^. ^il^jJI Ia'i h < i it <5ljVL < ^ jJI i(j » j I . ■ <t « 

d la . « Jj <4j_o iJjli V i<~i t LoJjlC ljul ^yt> LaJlJI C-Llc. 1 (] mij ■ a 1^' 

a g 

<(j wm.II JjjaJI dUi » laJL * jl ^ ja i <LlV <Lo J^x- ^Jl i_iJ_)i. IjjS - (Jt < -v V I j ir 
jj-4 Lojjj .j jli L^Sjjj 4 i i l-ij lj-^J jjfG L«-jj . I Vif, i_la j-> <5iUJI 

I g Nit'i (jJxjij jl jjJ (j-° <(JLl^.}M j-i£. oLajJj.aJI jl -Ajjl jLa-uaJ 4iijJ&JI 

<jjjj < -x oLojJjla jXAjJI Lij jj£L> >^2 . <t ,' ~v l»-ll itxjiuVI Jal jj jlrl-x nil 

jXjJJlJI LjjJI Ijjlj .(_gjAaJI jsojajl LaJj^.j (_g^uj ^-1 (jA_A *^J ^( j ' “ j (j- !'>*>•" V 

^53 ^ 

<JLi£uaJI jA g^.AU i <ieLaJ> (_gj.ll LjjJI jA %98 j V <lj^. £ua.lj (_gjdaJI 

. oLjjJjjjJI A-j ■ I <j| i ^ -lai$ <Ga % 2 j i^xcj 


(Jlj mVLi .LjjJI pi j a l-i j_a <Lc j i* n Ac. j) a.tx a (_J ) rx *t ~i jl (J ( } — m 1 1 jA 

*> 

ijacUaJI oVIj >j ,ii VI 5xXC.L5 3L~> i iiV I ^J-A ^dxliJI 

Sjxlill l l*i a 1 -uifl \ $ jX-UjJI S^iUaJI Sj)-ol^JI ^jl ^ \ « ft \ 

>2 

<jJ£,LS . ~iVI \ i~ ...I dlljJi tlLlj .jjLLo ^"1 til (jjaji_)jJI CxJ^** I'jJj <<-^1 xaVl 

~vl jj ^.Lc. j > ~ii ~ II a jj U ~w i_L5 <<L1 I_lu^JI j i»* Jjl a._i (_gj^i.l 

<ilxAyi ol^ila j .(j_t!j__jjJI jjJ-i^aVl (jAn -X II (jx. (J J >~ I II n II ^ ~>_>.ftVI II 
jl CiULj,l ^ deletion mutations ^jj^JI o I j-iL J addition mutations 
Vjj <GV LjjJI (_jjjj) iti~! Jj| (jSLoJ j[ :dcl^ill t^ya <jLol^ ‘— 

T xJ^JI oli ...(ATG)(GTC)(T... ...ATGGTCT... J <> 

(jl (jfx n i tiUj (jj> U^Uajlj . . ,(ATG)(GCT)(... «l3j^JLJLj L^lic-ljj ^1 (_gjjj (^ULlI 

aj_A jx-L,,!*) <(_g_j^x1 <<. i -xLj (j_o . ^ a, xlaj ^>_xc. _> «~i 1 1 K j ' j." ' 

. JI_A- 1 I (j-oAixil a jL j jl jLut^aJl Jl^ 9 II l _ r L SjiLJi 

jl <->j) 4 •» Jl CiljilT.ll I^xla ~J . ‘Llqj T. a jl ijjix. oljiisJI (jl a > 

w. «* «• ^ „ 

i—jjLiJI (JjLlj »l UV.I . ,‘l~^~~ <1 it j -v A. i ’i ' ■%. <£.Lu 4 <OjLj Jjjlaj 4 iM 5 It II 

# 6 

JjLi. (jji I VA n i IjJj LLiIj (jjj_* (j^k. jjilaJI Jaxa (jjijj .(_gj v->-,ll 

Sj-oJI ~~*«~ ...*» (jt <L| \ >aVI (jOJJ ~k II (jA (j-lA. ji (j_l_» olijt" ~xVI JJX. <1 >"x^La 




^ ^_Lll * .a 1 1 n o La j > c. LS^Lal < llLoJjJI 

<^j. x "v JiH II 4 1 1 flf. ^j! Lj£> J-jucxaJI CjLojJjlaJI 

(J-luJ-ujj CjLa ^.U a II £-a ^ojl xl ~ oLo^Xa-oJI ^j-° I j_A til I A*) 4-IL^. yi V 

CjV >, ii ll l o\ ^pjl ol-Uk 'L a 11 ^Jx. ^ A iA-> 4 i* 4x,[ -lxlII La^ 

# # 

^ul ifl a.\ L^-L >j t <L.a£ i ft (2 — 1 JSLAJL J_la_aJI L^-jj) iV> y <— \ » 

<5j-Li i.au- 11 (jx. 4-acjLi. 4 i*ij 1 jJ-oljX. j _ j- ~ t. ~ L i L-u A jI CjI j-LK II i aij 

> ,..^t~ II jl / d >M . r> iK jl j^q jJjLlj j"l .4 «-»■ ... a »■ II Jj jl 4 j j^jjJI 4j_ci.SU (_j-— j » * 11^ 
j)‘-- ■ ■ •^1 a I . 1 i*S V I Jj^4 jAj». (Jxa (jia- LU^ ^jic. jp ~k~ 4xjia CjIjjaj 

(j _> a> ,... < VI jJa ij ...I f4j-=*. o-° CS'i-H (j-o-J-ll J-A Ij-Aj < 2x3_>Il^J1 

.JjA<JI pajUl J^.1 Jj-o a j a-j ^jJLjoJIj 


lj jJI _^jX. LijJI p-a CjLo j±*_oJI (jL>p_joJ JJaj (_£p£»p^JI la 1 a II (j| 

(_g 4 11 (jijjjjAlLs .Cilpl >~i~ ...VI jAxj aJLj-4 (jl SL*a J^ SLj Ljjl VI <(jjjj_>jJI 
Lij ^ \ ./~i ^.4 <~aj \ " ... t l-i \ A II aj^j Ljj ngjj*. ^Lc. 1 retrovirus 

(jt i_SjjJl_aJI j .1 -vl -.A-t-'il (J^k-I (j-o 4 4 i . A a .11 4 t !->. II 4-aA -a >. 1 -.al ~ i J o l lA JI 
j^»JI ■ ...... ^Dl ^yj 1 4 1| <(HIV) ^ I I (jX.1 *1 n II ^j^JlJI (_ja» v j > ^- l4 

jl-faJI ^ > ! ()_' ^a <(jjjVI) v- j-u^ a JI ^LlJI 

(jJLt 1983 jvlx Jjx. a 5 ,_)A<JjjiJI liA (jl^J . I $ ~ -> .si ^ n (j*\ a 1 V (_5jJlaJ |\ i.i-s II 

<(_ jjajjLi ^_s jj)?i i.iL) a (j « n (j_o Luc Montagnier «*_i i_jI ~ »^_a tj-° J-^ aj 

5a-t~iall cjL>V ^ 11 (j-s (jllaj-LttU A^j-aJl (j-a Robert Gallo jJli '— 

Lvn^-i ,j)^L.j.' . .. 'I ja (jl..u,i i Luj^aJISI 4jtj»La>. (jui Jay Levy ^yi.J ^L^.j . 4 K . j * V I 
^aJI L jlA. (j-o ^ <T-Lymphocytes 4_i!iLjJI 4jiaJ.ll L. jlAJL. jajVI (jjjjja 

Jj ^ S> g * ^ * 

4,j jiXa II 4 A. ■ i.l \ II ^ <1 ni t I <>-. I >-s ^ " a Loj^j)^ 4j (_y»LA II 1 j_JI LfrJI jLilj .c l , a ■, ■ II 

ij-i UaJI J>e- ur^i pLljj-> II (jliji J-ua-j .reverse transcriptase 

LiaJI Iaa (j^ 4 A . ujj (j_auj_)jiJI LjpJJ Lla 4 ^A_ mj 1 A ~ i ^ujjVI a > a ^Jlj jcJI 

Ljll -U. t.-v I I ^^aj-a Lja 4 A alLlA ^Ja&j 4 I -v j « II ^AA Ale .^_i_uaJI iNi.K I I 

(Jj-cu_JI Lj_JI ^aLxj jijj .Jl. v~k 4 4 wAiall 4 jJAJI lja (^s LjaJI Iaa JA-aj '“j j *^' l 




p ~ ~ < jjjjlj .<LvlA.ll r-1 . .. Vt <_J| ■»! \ A. ~ . , .1 > LjJI dll j t j-o La MLj l ^ . ,. ,jjjJlJ| 
LajUll iZjbjjj(_>jJI Jj_uu^JI Lj^JI I (j 1 An, > ^jJI jjb iLullI 

(jj ^Cj.,vliL ijj Ijjj ji«j . (\_i jbJ) tj i_jJJI ( 4 i,4ii j)j > a II CjI a >-m *v II (jj> Jjj_o 

Lap-Lux. <Q-a Jis A*j i?^ 11 jIjl^JI ^j-o p-j-^. who <<Lx 1 aJ 1 

/. I ml t A li IfllvLi j <j-Lft.HI 4 -aJAJI 

=S fi t * 

(jl LA >1 , 'i i~« ij .^^=>.1 (_jjljjul Lft^Jk (5I ftLa-j 4 jj_iAxJI <£.Lla (jj> i_U^J c^j-ll 
I j ' Q Lftj .JjLUo j^JI ^_yc 4 <* j *»*> ft < r j; a --. a I . ....■/< JjsLc ^_A (_5 j a (j 8.11 jj_lsJI 

.j A til ua.u'i CjLLL^. ujl 

^1 i^il j^i restriction enzyme jjjjAJI J ^LLISVI LI 

U-fi 5 jJjj J ‘ 1*^ _jjJI JcljJLlI ^j-a juti nit i_S__)jLj <<.?>*% ft >_j <ji_>jl^aJI Jj-ft 4-fl l.~i A-a 

aJ^j t iti~i~ (_yj.ll i— L v-.ii II ^-oAj ( 2)1 (jS-ojj .^JjjjJI Ija (_yj LjJI ^Jojj LjJI 
U < Li .ligases cJjb < I II ^ a . ..* ^_^aj djLa_»jj| 4 L . ..I j L*-« J&j^Lj 4JLjJaJ'. 
j « it ' a. < a * >AaJI 4 lift II LjJI (2)X. ^ I a "... a S j j i Q inTi i i ,_ylJI LjJI 
oLj>=. (_y_aj .plasmids olj-yOM-JI ^ j fvectors Jil ^iJI ^ 

t-l j.^.1 (J ft itij (_yjtl J-fil^jjJI cAjjjj^. (_y a- uxj j . Lij II (_yS a ^j-atl LjjIjJI LjJI 

** fi © ^ j, ^ 

Sjjjc I a- ...\ J5ljUI a!* ^y^Li .recombinant DNA V j^i,uJI LJI LLL Lj 
( j-c j ■■'! a " <LaJL a j 4 .1 ■--.•/! ajLJI dll j > <LoA_ua-a .LjJI (j -° <j-iA-a L U a 1 

^ ~ /. II 4 1^ .^. . /. II s ^ftjLLuijJI jlj_fli (J^ .it i (ji (2)T\ 4 .DNA clone LjJI <-L,xtij 

4^. II » A II L^ — ji .^jjlj^l <t_uiji$_lb (jjJ^J.WI ^bjj[ (_yj diiaj La^ .jl_)jJI 

. 4 .1 .-. yi 4 jj_AjlJI (_yj Ijja-J ja--k ft"i (ijjfa. _ 4 _lLijJI 

(jjjJI (_^s aj ■ i r.l . a II <ijjJaJ| (J a .ti~ LjJI ' j ~ ' 4jIj^. Ji$ i3j^° ^L-a j 

a i .... 0 

(jj-aJI (_y-lc. (£ j~ ^ ~ <jjIjj ajLa (j.L.jk _i (_y_.A a. . (_5j.ll microinjection ^ n II 
4 a j a 4 >L II J (_jAi]j olj 4 . a. 1 j S^jI 4 U . ■ .l_j 4 jjJj-ftJI «LlUJI , yj JjJ^JI 

4-jJI ^(_5j^. 1 L j ,. A f. -~t d*«« j') ' 0 ~l L a a j-j . .. II 

*S* ^ 

1 « A il a tj - J \ 4 A-all 4 drk.ll jliSL <j jiN /n I I cAixcJI JLkjV 

1 ^ o 1 j U Sail ^1 oLluv 1 1 y-1^ .ii II j <uLJI p-Lloc ^_s ula olvi^-L olA is^Jl 




jl L^UJI j-cJlj <ii a U ^jLi-o_iSJI 3 J 3'*~ II j^S . d.jj a- II ^3 

Li^LaJI jAji'a electroporation ^LixuJJ ^yjl p 4 II 3 ll L>1 i d ■ ,ol a. <f ■*! > a ■‘t 

iiSjJl iJLjj 3 O 3 “^ j) I cu^ IjIji . t q u-lo ^LuJ 

'■^ ***** * ~ ** 

1 ll L in '*•» (bioballistics dj ^ i-v I I -t ( QA a II ^jia ^jjj gj)-^k III I a.Cif, 1*1 a i 

** «• J* ^ ^ ^ ^ 

Ij-A Aj9j d ( I II J^kJj ^jJI d )nl .nil i„ 9.1 a~t jvj d_Jil_)j Sjl_o_> -‘■‘^ d i *i,.V X a 

j-ifi. 3“° d n is\-\ jllll 3^1 < LLdil ^^Lsl A^I u& A|j 't, 

■ Q x 1 u 11 * 6^^Lla1I (S^ <A£ ^ II Ijjfc 3 ^ 3^ 


a> g 

a""i IjjJI g a I ^^3kl d_a_(j_a iaJLIA <jljJI 3^-^i ^J-tdaJLij 

jl (DNA profile LjjJI cjl.i-^l^-o ,,\ i, ' ~ ,a L ~>j ^JJI ^yjl j. ^ -11 3 1 .» t~»~ II 

uL^j c^L^j .DNA fingerprinting UaJI <Luaj I.L jJ-a-J (dJjj 3_sl a jl 1 x 1 

j~ al AS (j».l (j (M I d jjlaJI ,~. t ' 'Al l I 0 ° I -~ ~ ^yjJI JK (ti^l jj-Aj (d l >ft~t.ll £jLua^l 
(£,\ \ IvC ml ._i 1 1 I 1 (Henry Faulds JaJ^js 33 s 3- 0 1880 ^.Lc. 

■ ~i-d J ( (jJJj jju . -. a ' A. " . . .1 jvj . 3 ( A j) 1 (m n II d_i >j_A J iiU 1 1 d 1 1 (ii^^ l j 1-^ ,3 
A*_i . ■ * It ‘( * . ~ ■" > ^ jU . .. d-a-i^^, ^yjLaJI AjAaJi j *iSJi a J. 1 «a> a (j^xLkjJ j . ■ ^ c 
d i I -x 3 ^ ^yjl d ^ .1 . — .1 t_yu^£j 3 ° (A^A.dUi II . »JI 1 — Sj * t II 4 > 1 ^C. Olll-il (d ‘l j u <3o 

AleC d ■ ^ J_J1 3 a 3° “DaJI d a I <1 i ID I La jLlljl ^_a ( da ... ^_S 

3 *"> ' '^1 dJi >< > jL - 0 d-rk.L^t..i 3 a Aj • j 1 ^‘-‘■ ii <V dj.aLfv 3^ 1 984 ^3 Jeffries 

d-a i<-i i II d ( ‘d II jj f3jJI 3^ Jdt -uaJI d_iJ3 _)_ijLLa j i ^^yJjVI Id-iAiuJI ajm 
( ( _yjl W II <_JaJI ^_S l(ia. d a|j a di \t~i LjJI Cils-^ol ^a .A >,A-\.~i Aa_ij . j_uao^U doJLJLaJI 
MjL^ I r>, \ a > j7i II oL^ul jjJI j <S^-jV 1 ^1 u ^1^ 

4 Q,,\ in A II -X-A-A.il CjLfl-uaJI / 3-0 4 f j r> ( L^Jl^j /<> t (Al /% II 4 \ nt 

. 4 >j l a a I Aju,^yuu «^i Lo-Lfl ^ . 4 aJjl^ o i 


3^-1—* 8-a-JI j^- 4 > <^1 944 ^Lc j jJ Kary Mullis j J^ o 

dii: 3! ^Polymerose chain reaction (PCR) J-m 1 n «" <.11 

JU^ jaflll g- j^ dA Sjl j m 1L pLlii 1 983 j^lx. <JLj ^jJ-c. oj-Ua 

4 ^ 

3 I \ 1 . 3 -djj SJjLjk-j 3^iJU 3 j-LJI 3 - 0 . >1 3-a O ~tl *N L^_j| J_i V (' ' ~'jj a * H *\ 


L.V \ II Jr> X ->n t J-C.1 jlu \ ^jJI j)Jb 

> - U A-^\ 4 m 4 J ^>,5La aj ftemplate .JL^a j_o£ <u»l xUi ... l 

1 itl i _jill ^.alj jlxol ^Lxa-j dUj ^ -y\ > .in vitro jl .* a VI 

3 U 0 ^j-o 6^U/\i5 4 _AJ-uj ^-A .primers ^c-j^ulaj <L> jj3j> < K^ ill 

1 j ^ ../-I ‘1 1 LjjJI Ua i (J_i^a_i Vjl . l-i-Gj) < ij-ij <‘‘f' j) a. ‘1 (j-° *■ LjjJI 

j t .»-N t . -j^ j aIli Q O IIIJ IjL ,Jj I ^ r> II ^ “ > " » ^ LjjJI 

^.Lc JJA*! jalA II oL^-T)-^' - LjJ- 11 1"> 1 "W ^- 4 <<*t V A. 11 p|^J2h.^Li 

jl jjj s £ 

jIj-J (_£ J-JI <1 <5 k \ <1 1 JjJ ^ *S i-flj </*>" J _ If-* Jo-fJj-Jj m \\ a <\ \ r> 

% _ _ * * 

jtj 1 -AjJ^-kJl A \ (_^jJl LgjiinA II ^J) <fjLj 6 jljJbJI £-i^p <! .^LkL-uIljl 

j^lu j ■ it * * fl ^_Lc ^LuLa U i ~v j <<lJI » a > <Ll 4 >-U^ p!j| 
i-ojj^a. ^j-o imj <GLfl <^fyuaJI j^JoJ <JL*JI <L^jJ ( J.^^vu ^jl 

.SjUJI ^liJl ^ cA^ cr^' thermus aquaticus £uLJI 

& jj 

( jJl j) ~v » Ijl^^Jj Ijb-o <_il j-5 ‘lLoLSJI SjjjJI 

w j> ** s 

_\ 1 s, a II LijJi ^ AuijJi itif. jJ ^_t !JJtj tZj-a tj ' > 

^~*v mail ^ 4laj<ill ^J\ ^ la ) Ij-Aj .^16— 2 j i ti^ ll ^ in / <*>' J t[>JJ 

ill I Aja ■ A ai ~ j I ^ j » ■ < t~ 1 IjjJI (j-° j*^ 1 < ij j^-*-° “rjji. ciil^ 

polymorphism JL<..i.i jl*: ^ Lpl j LJI cjLL-al^o ixiSj 

J ■ ' ■ ■ ■ 1 f j .jljj^l (j-»-i <- 4-^-0 j 1 «~~ LjjJI oLa->j-^ iS^ ‘ ' 1 ~ ' ‘ ' 7 

‘Lej j_i ^jja ill jla J_jjj^Luj ^Ic. Li-l ^yoLiJI Ijjil f-o j j$ S ‘ > ^ < JIA-oJI 

j ijJLa-ll JJjlJI ^ lr ' ..1 L~> A . a .%.** n II ^ 1 ,..a'> VI pUjI O-^lj-i AS CjjL^ ijjjj 
JJLa .variable number of tandem repeats (VNTR) iliJ jJLil 
c^l J ...CGATCGATCGATCGAT... <J^ LJJ S ^i.-.JI jl^VI 

j_aj 4_i_s_il_jHj| ol jj'n" . p II JjS Lajj . ?. I" A. n jl j_i| Ljj o-a b - j - u - a - > ^=AaJI ^ 

+ c. * 

dljj-o j-lC. ^jALaJI jl Jjill itu ^ b V <CjGj_)jjyi <ilaj -0 

(jj >jl !1 SjjLxJI i-U~ b-Lp .obi j^VI ^ j G-i^i~v."i olj i»~>.U li^LL .Lajjpa.^J 

i_it-.A.AJI i_)Lic 4 ^.iVi AjjjJI 



-■mm u 



^LuiLuilJI Jc 1 a~ 11 Ja jjjk «U 4j*S ^x^aa jJI .16-2 JiiJl 

<(jl xuaJl ^Ji-Lul jVI ajJaaJI i n a 1 1 LajJJ <— JjJ ^ j*i ^"> j-J < jLcujJI 

otf-'j * f ' s * 

^j-lc, ^aalaa.a (^^ aiaaA <a ajjj oL-aajjl ^^-Aa dJj JJta . Jna ^ « t >- a J a aa ^a j ^LLaaaiJI J. 4 w 

.1 ^Jo (jSLi (jlfcj itifllj Jaaa^j^j < 4aal_j ^jUaaaJl ^ aS\ t ,1 i^il Ki'-h ^j- 0 w_ fllao^-o 

^aiu jj) fl In £_o <(Ja-S {j-o J ini < j>l->'-^ H ‘Lalaa_a <_^_aia plaaa jjVI oLaa^a VI 

• Olj^jJI (jaa JJit JJia tilljj <aJlalaJ1 £jj£.^a!aaJt ^>aa Ja-o-cJI LajJJ ^Ja^Vi 


I'Vi irfVl 1 j ml ml <e\ It JX'LfiUJI 4 v\q~ 1 IQ, ml Llj| ^jVl I 

. jlj-iVI (j-i-i lasw < < H r. «L»J^_ili 4— >a.A » ~ i j_i_o-j_i Ljj p^j^. ^_o 


a»j .l$_i I » ~ i j AGCT 1 1 II ~i~i n II ^Jc. ^‘i j-i u-Ia. <Alul Jjuo i^UoilsVI 

<L^_j x \ \ 1 r>-\ > c, GAATTC — » i->-iii^j ^aJI <EcoRI ^ cdJj 

4-0 1" ^ rt c fij.la.ti ^J[ 6^>X$-cJl LjJ-ll J^Lla-0 <4-U Vl H 6XA -\ t f ■ 1 \ (J-*^ 

(— m~t dlJj Jjlj . 4_Lfljl jlll -r.l JJ<" ^ It jluXC.1 ^j_Lc 1_AJJ£. v ^ ^wVl 




* ,* ' n jL^ 3-*.^" 3^° o*- f-^- 4 < ‘C > -*- N 

l^JL^la 3-^ o' I j» .^11 iiJLJI ^-sS-iJI ^V j .electrophresis cy jL»_>$£JI 

(jiM^I 4 ' II i /-II (l II Cil In I MjVI ^ytt <jLc Sj-iaiJI i_aj_iJI 4 -I_$^_uj_i 

U ~ j ^ << V4 . l l J^iJI La yL3k 4_i_Juj J»jIj-JuJ 1 jj_o <Lc.j^-ft-rk a ^J1 4 ‘i j * II J mi ~i~ 

$ j * « 

4 _lSjIjjJI Ci)jj*s~i a II i fl-ilaJ 1 ft .U-ft \ .^ 17 — 2 

.J jiU 4 j i uLajj 4 a ,y-% IjJ (A m * ,11 



4 i3 it» a ^al.a> <!u1 ^j-o 4 *> tf j <4 i <^ J Sj^Lc. Lij CjLa-^aJ *1 7 - 2 JX u J l 

.^iLaJI 1 4 h.aII UJI Xi Li io l^-o j j riil 

^ II j iVs ^Jx. <6jj) U.ft.11 L^QIj^JLluI ^1 

< LjLLuuU i a ,ti *\ j <Li-lh^j ^Jl c-i^) x 1 1 1 ‘LXJJ 1 ^ 3 

jxJ SjUIj j SjJLjlxi 111 ^Jx. ft II ^5 II CjLS^LaJI J 

1 <oJ-l r. ^-ft ^J <**w l ^ v^LjIx. £-o (JLi-La^fl J_o_Jj 

a 11 pLWI jLaJj / ^4 > \\ ii.M ^ \c <lL»^Lxj 1 ts\% i I ^ acJU ^jX Cj^IjLsJI 
_ 4 t ^ II ,~.l \ \j y II ■* \c. v\a“ il jA_> * 1 ^ JjS ij .dUj ^ jUjl ^-Cj 

. ^QJl^. a II ^Jx J i oU A J-uLj — (J II £-i-o j ^jJlLuiIjJI ixLj-uia 

CjLJlVua J-l-aji. i.U,,' ~>~ (^Jj-iiijJI J^-fiJI j ^-S La.^oia ^jjLJLoJI d^.1 (jl^ 

t^jV < < L >-%1 . 


mo < J-lLJLj <4 .nfl-fiH . (_gj im ill ( (j 1 7* o J1 ) CiljJJjjJiSjjJI 

# (* 

jVjl _j. • . c . 1 ... I ij Nj if. I a I ~i n La jn-\ i*l l*Ln > 6 jjk ^_Lc jjxiLc. (j-o 

# 

^ j)*i i"w ll)> j «La Lc.^jj 4 jjI!» .-.!*» J ...4VI . . ‘4j~ . -.1 aM~-w VI a < dLl j ^_o j . ^4 a il U~tA.ll 




4 *i l~t n i_Lfi (j-° -laia Sj^.1 j S^itLi <L*j : £. ^ j^in j-A n ^ lr> « 1 11 

a t-a aVI J > 1* 1 ^ la “ s_>^- t j-u^Lo 3 j %-‘i_i < i 1* ~>-i IjJ (jljjV! 

5 = SS 

ajjl J (j^LiJl 4 t 1 ^ ^1 <n.>~i a if jj-lc' ljdi-5 La Lo^jj Lj-a AaJj ij^ Cxj ^- *- LU fLa-tj 

:SaV jJI ' ' J 4 U II \ , -> j ij -v <(^ i at ~i 11 cjKj^S. 4 > i i L ^Jl 

. aL_iJI £^J-a l^j ial tt~i -k V Ij DVD C)La A II fcj-A <"~J 


^ j.~t > ^ 11 ^ J-a-i j t*s 8~ 11 ^j^Ja ^jx. LAjjJAj n 1 4 a (j a II 4-al m'a (j[ 

,j1 ll^ ,_>Iil Ijjj .‘I SaxLS oljDia 3 pLaJ JL^-a -isj m»H 

JJ-S jk.tA~ 4. tVCa JjL*_t dLa^j-t.a. cA* <i_i_>-a. ' n (SS^ 1 *— *' ~'*^ 1 1 Ij-A 

ft ft $ 

t^LatA l_>-ALa pi i a l*C pJU dl mJ j t~i*~ dial tl . . 1 1-a a 3000 4 jIjJS 1 tl a jt 

I - « s * 

*'at 4 4.U _.,. | ic.l_Lu ad_Jj a J-cLa Jj % a 1 At I ^aJI . • ■ ~j * j. 1 , t -k ~ 1<* Ijjli 

4 1 I » 1 a* 4 » j 1 -v a ._l > I I ml *1 . t A. ~ -..I 1 ^ljI^LJI 4-1 j-A J t J a ‘ " . V r 1 a" I I /ya 4 I t n 1 m 

j a \" u^-lj . JaX 4.~j in 34000 (JjL*_i La (_g] <4A.l_tu CjIjI i 1 a ^l~ia~i in 

a>~i yl i‘l i lr. <<jja mil jjaaJI CaA^JI dllj JjJ (j-ajJI (jji J 4f <jJ| j)\ is\~t D 

<4 ttl » II a '^ lj p JaIa DJI (J ml III* |_UJ-1 ca^ya 3400 1 

a 

( jSall ( _ s -fl ^Ll jkjjl ^j-3 itl-Lu J_ljl It 

^ tf - 

J a t vljl^a j iiif. .CjIj-o Sj^- All ftf (jl i"! tlfc i(J ml m*ill 4 a j^-a 

t* 

A£.ljS J Mif ‘DjilU , ~.l I I I ~~ I I , i-L~j~ « i IJAj »*l~ |1I~~ a ^ya Uilj J 3 * a ~i 

.4JU1 


4 

jljJ u_L*_S .J * ft 1L> a -k ' Js dU jjl 4 it iAdJI (J-Lc. kil » >_I La 

iiljjJJ ^JjVI ^ j »<- 11 Uaj jxix. ,44 1 1 1 ^ ^ I I jj-ij B 

^^-ijluJI fLidU J7 j 3^3 < ^ ^t-5 

(j-S JjAa.JJ i_i ml > a ^J-C. lj-4 JLa_Jlj . < 1 n 11^ 4j^JjVI CiUjJLi 

$ 

Ul a~ -■ VI 4 t aV -s-1 ^ 1 f . < < jAaL-L 4_a.^_i <dli jJ_^j ^JLli j *. ■ -. II J > .^.1 a~ 

1 j-A jjV i iab> m ^ al t ^ ^pic. ij-i a. II 4 \ i t ^j_i_JI |kj \ i -k_ II jjx. oLa j !• * » 

Craig ^ni JLsJ ^,jLi ^jj ^ l \a <j-« J-*l^ > n_ tt * t 

j».U jjJ^aJI) John Sulston ,jj^ ... J ^ Cxj-^j (1946 ^Lt jjJ>aJ 1) Venter 



tiLijlj Frank Collins Aljlgi JiLa gga.1 ol <» j ii \ ^ji <^1942 

<jL£ *t _» >1 "i ~'V 1 0 _>jLj ^j-3 aU .Eric Landsr jjjV 

.a1Ja£ ^ <(_j*aLa. ‘La.j.i Lfl-og-i.'-a. t S l.j.~> II (j^-1 ^CjljLa-jVI 6 jjj Jj-aj ^jl ill 

4j C.t i <<n LoLoj Cjl jIjaJI jU^I O i <n > <CjI i in ^ i A i 

* * <•* TO 

• JjLlu ^J l jSalj jaJ LT^ 1 ^ *y t Jisu-uj 1 \ \5sJ < <L»_uj i^jaJl 

2 £ 

ijJ-xi jj K ^ &j£.lS J ml 4MJ JjJ.Cfc.4 ^ a II pl^VI Lol 

•*< 

<L> ^Uj g jJI t _J— cv jJI jjJI p.|jji,yl I Aj 4 Ji~ “i\ AS j . jj-j-L-wo LjjJI (j-® 

( J_uj^Ltu ' * ' ->." ^jJs 4 c a gjJI ^UJlII Ajui <<UfcLijjl ‘La. j 4_iA ij j y *il m aLijA-ijA 

&Aga.g-oJI A£.lgill ^ wia gLiAul 1977 ^Lc. AA a. i J U~ ,.ujI g IjjJI ga_j 

!j- S ■ ^ 111 II 4_a.gJI ^y-l.r. *J)lj_a.l tLa. J_ij .5375 LajJ-C. j fX 1 74 i II jj-S 

' L ' 1 Ja ta Jl Xia ,j 1 jl ■ * I ^ n~i.a LjjJJ . LiAa. l-> ltw g >l*t~ i j a - i l-ou ^Ls <-il A.JI 

. ^^-4iall 1 & j i U 'i i Sjj 4 _lS i ~i 1 Li~\ ..J fgj^a.^ 4, » 4 i, a ‘Ls-luIj gija.^1 .fi j a. I ! J i 
<1 a. "■■ ,~.l \ .~j 1 K ' W J| j CjL«..)jj^>Li jl >~<* VI { jS Jja-ji J.5.8 4 .all j 

jVJ Lajjr . J . I ( _^a ji’u Jjlj j i KjL (_yjLxi ijG-'*;! 5jj >- v a 

.AJC.LDI ■*! 1~ ■ ^ (j ~ i i LiJ U 'J .ti <dc. \ ^ ml Till jj) a. all ■'_■ <j »K j'lll | iA 

>_S^a.SU ^ ) -a i ■ i*nV I (_^<aj)a'inll ' ~\j ■ Kj i II jaL vaJ I < m L> f.|j^.VI ^Uj Jjlj 

c-^gj^. < a l~ a. * Jolv.j Ait £jl i g ~ \_i (j tli »">■ II (jVj .f-lailVI 

. ia »i LoaIc . j . . al~4 « lj J c-^g j^. 4 ilof CiaJLil aLs < . al .^j aII 

Cjj A" jl V ^ a AjLj -1 j^ajl <^-ll -j7i~ n II «Ll!fl-mJI <■<■, Jia II jjA. 

(2j 1 u_fi jjJ-cJI j 4 ■*» « ■ ■« 11 4 1 .r, V I jvLlA ^ If 4 a l~ 4 A L*JLl -' J d U j ‘ Jj F. I! 4 tlTi.-a n II 

«l ■ al ^ .A" Q > ‘LxjLagjj^il J ■ "N N AiAaj CjVI ^AaJl ,mi g jJI ^_»jj a. i II 

A i_S j-aJI j () Ui_t uua j ‘ JAfUl pg-uaj 4 .A~ l^aA’tc. <a l~( ■% o JjIgiLi ^ Utj CjI o ml ij 

ilhla ~i jlaj ^ Cy“J p I * J ~>VI (jgJJLj C i—SgaJlj ij.« a. 

. 4jLiglaa | JuaaLuijJI 

jjLS jrLljl Ixa. If tljj plga-VI li* jgjjiaj jJk III 4ijJI 

.aUaJ Jj' * * lu ‘‘‘j ^jl ~ 8 jgla cJLLa j . a Aa.lg.ll <tl mil ^y_a AtlgSJI k_aV’ A iJjaJi ^ .r 




<<Ujllll Lot . LjjJJ iijijJLjO 4-U i,.1 < 1 jlu 1 <n 11 J_o-*JI 

j \.y\ JJX. ^Jl LjjJI < 11 < I Q J \ I II 4jLi^Jo 11 ^ A jqjLJ^ 

<LuHll 4_]fi_ijJaJI Jl ^ ^ ,jii ^ ^Iifl 11 Jo-lL^JI IjJb (J -ii> 1 4iM JjiAJ ^-i 

C- * ^ m 

' (_J Lla J . 5j <» I/-||) V _ii .' Ju H a j-4 Jjj! I aM U'.l LijJI 4 I ...1 ... ^ 1 ft •*> " ajlcl 

s= JS 

J U« J <jX Jfr-QJlJI 4^.^ .£_LO^Ji]| SjLcI 4 tlof <UjUJI Jlj lAA^JI 

it _ a 

(j..L«.*i 4 uTi Ai.LrvC.^ - c^^_.i<l 4. i a J i i II 4_S_»^)ia <<LflJ ^ ^ (j u II ml iiuil 4 JL»^Jo 

L» <5j^>LJLj <5j^Jo J£ 

t 

pL_a j j 3Li <2001 jxLc, o-SJJal jJS it. t II i t 1 1 gj j ina J^l o-jL^ 
j^xj ji>syi d '. . . . 1 00 Jjljj LijJI 4 i'i i J ), 1 a-j ( _ s _Lc. 4 *■ . . . 

$ 9 & 

j^Sli V J l,Aa. 4 /> lUf. ‘<S .J «it *" ^L^lxaJI £sj-*_o gjlujj . 4-lljjJI ^ l.c. ti^Uajlj Jjj-o 
£ u-\ t_)j -®3 . 4_ilc. VL>J jt (_gj . j ti > II (jxiiaAl SjjjLo C>jl£ pl ^J -uj 
^ If . 4^jN-a-llj fj 1 l-il i in II frl_i< 3 jl ^_Lc SjOllI <ijJt aJJ <jLi <<La_»iaJ«J1 

c-Lt«~iSj| ^Jl L$ I jmjJ < 9 <^u ( jjJI 4 iM «-i fl II 4^JI (jb- I >~ a ■ — j ^j-u-tl j»jjJI 1 Ws-a-i 

(jliiis jjLujjVI pL>^[ SjUY 5^>jLc- clLiji ‘ i ^ s <JuajJI 

<Q4a_)VI ■ _ iLjJsSLaj JI^^VI J ■ ■ ■ -> - < »j .4 -uLoJI .-.I j ^1 U~ II » a -v 

^i^LLkl ^j-a «. » ~ 1 ~ <^_sLj Cil.~i">.l Ml OJ CiL < V">il .n « ,_i: LlJLal jj ft jv. JX. j ^-ijill <lLus 

■ I *>~>l ‘i i -> ^j_a . d •« . A ' 





3 JtaiJI 


J> s £ 


4-dLbJI 


4 i.ul 4 -v ^ > 4 a l L. 1 1 

doib 


<<J j ,Af.V II 1 *' I Ajl Jj_0 Jj*» » *<' (_jA ll 1 II a. II l^llMllI A A 11 * 

• - “ ' " o-° 

b i c ' ^jj <(jVI s J » ' J U I ~N oil lj_A * »■ >~ ■“ 1 JT-* ' j H Jal m 1 1 1 Vj 

p^j— liJI lj _4 Lo .^jn ci iti Jl Sjjfj.ll si i-i II i^a influx j^jij oj^ <^Uj 

* 5 s 

^JliJI Ul jj LojjJ iti jvi d-° « K II &JJb Jjaj JJ SiSLL ^.n m t ^jJI 

Slia. p^ Ail! Ija ja Lo ‘ ^ ^ ill jJjLSj HjA. (JS ^JL*JI Llj-iii 

** / ^ “ 

6^j| J J-i-fl 5-5liaJI < J-flJI ^_J^_LluLj <g-l^» dLoJI djj! jU 

^Ic. P. Sidney ^jjjj-Lo *_uiJ.>.a j.i.mJI ^LS jis <Ij^aj osjj pLoJaJI ^LoSaI 
<The Defence of Poesie ja dJI ^ ^LsjJI «U <JLL» <1581 

jjjj ^jL^j .^KJI ^ to ■ ■■ * f a*C Energie) XSUa «lL!L*a)) ^Jl *1 »~\vi 

ClAj j^-S <CiliS j t<.U >11 <jUoLpOJ S^B *S/jLJ < J tV»~l II S ^jS 0 , \ I ^ 

^ ^ ^ s 0 s 

J-A-fl)) 1 * * ?J " <La. ^-Aj < €^€pyt WX ^-ujI j_JI Lf-Jx. J) 1 Ul J_Sj 

1 C> a > fllj <UUcA\ jjjbl <\~\W <lj-A 1 .in work «J^*J1 

!jS i^rj * j~. II Iajjjj cjjAjti j <^11 XJLc. Lfj! o <LoLu ULu n ■> p 

.Lftji jidc JLola.1 (j-o ujAjJI I j il <.*•■».>•>. II 'JIaJI 






I J-jJ- T v Lj l .*v i jY OiJ-A-jl I J I i<_i_)j| otj Irit I n 1 V Li_a <J3LlaJ1 0-11 jLa 

^ 0 *g 

IJ 4 J . a 1 » 11 J1 . ft a~t -inVI lj-4 .LojJ <.*1 l‘\*C j-aVl (j^-> ^-1 • '*> I * .11 ( j-3 ' i A f j 

_ (1829-1 773) T. YounQ £_Sj_. (_yxl-o^j j.Ls 1 xtj.f. <1807 ^Lt (_jJI >> I U * II 

** 

j»^_Lulj ( j -jjUaj_>jJI (“^fLlaJI Jfl-a a II 4 LX 'l-i II 4$ mU.ll I jl".-ml (jl^ 

O £ 

1 j— <& ^ 1 c. g-V > ~ j..yi i _ \ jiij j deciphering 6 ^-sl-ui ^_s ^ ~x V c^-s^ 

s’ & * 

s ^ o 

~ 1 W. A JU JLJ— Ujl <i 11 Jj-O)) ^j\ Ull^ 1 aJuSL 1 .11 <JLoj|JLcuV ^JJtXyL^oJl 

£-J^o m'V. UJJ ^ {J-toL^. ^X. j Mini 1 < 6 ^ 1 ^ <-opV* 4XJ tiSLUJI 

*" ^ '' 

< 4.5' l-i 1 1 ■**»«.<-*■ H JjlUiII *■ j a jj-L La ' i Jjl a. ' i ■ • j . »<>"<*. j . ., <Qc. jpjLi ^jJI JJa.ll 

■L^ kt^ ,. ! (^_>jil 1 itaAVI <jJjj 


jJUJl oljxa-Lj ^jl a 4 . n a yl <_>!_£. ( 4 _;3 Jj i~ « .j_n j».(j a 1 1 1 lfc .4 a l U I I 4 » > iU ^ a | 
jj-S «1 ...-vVI 4^j^J 5 j i ft a II p La-x . JLi La-A.Xjwl .4 _lS (_jJLll pL_i I na 11^ 

Q-n~> g-l .A a II 4*\j -v II ,_a ,/ij £j| .Sjl_^-a_ll 4_a_i_ila_i ^ Va . ■ frl 'Ail II 

4-JUuJaJ J-o&JI 1^.1 llr>, \ a5^ Ac . 

> 0 & S 

J^i-^j VI jLa^VI Ij-A ^I-aa^j |J j ,<1aj*g Llijj A \ \ J xj 

pi. A la. II j4-3 .J-liiX ^ Jiitj-ll Cl. 4^X1 >-Q 

.(OijJI cllj <^laj l^jc.^j I jl <pl _> i m V I < ta-jglo ^ (j Q 

Ijijjlj i^.l .u -% VI (_j-.ll <>Sjj § jili (^jj (^£J ((jljj-JI (3>l^j J-2j 

S' 0 - *> s' 

^JU^j (^.Lj d»l3 CajI^ jl .* Q ,4 u ^JL*JI 

(J^a-i J (.^(3 322-384) _j-. ■ ll-Uj-U. ,.,j\ r|j^_*j . <_xf>l-i j-i-s 

'_l^>-l mil (jl (_jJI (J-iOJJJ t <iU. 6 J_^ji._5-*J1 *Lul _^-!l oLol jjJI (J-* a t l_)jLla ^ ^ in 

g o £ ^ ^ ^ > 

4 ->- i^*i O t*i-i a-la. lli (Lille. itiJa. < La^sj . c-jLaJ! ^j-2 4 -C.j_-.j-i 4*\j -v I I (je. l a » (j| 

1 > J4 X.n 11 (1803-1801) S_.a-.jU) SiixiliJI ^ Uliid (jlS jl (1) 

A course of lectures on natural :<jl ^ v LiS ^ 1807 ^Lc j^a-JI UliJ (^1)1 Ol 

.philosophy and the mechanical arts 





t «“» i ^ m ]U dJj iJjlj j)" ^ J ^ \ U ^ jj-o j 

~ ■i"' « 'Of 

4 -l-o jVI dlj <JdVI CjAL^ -Lojl Q a II 61 .> ^xLgVI ^ fld i Vj <LojLS-o 

f* ^ 

<-- ^ .1 "k s CxJk IS ^l^-Ail <jV ^jd - 1 n > A Sj-S dj^j §JJd“^ Lf-l^ 

^2)-° (jl^ <JL^ ^-s La^aJI ^1 4 1 1 .*ti II cL jjJI p-UL>y dl ^ •% ! 

pl^AJl J&jjj u> (j,— ^ iA*Iaj ^ iSLsjJI IjjA <^aJ > ij) 1 .iAiI -4 d v \ it* II 

* * 

6 jL^_2kJlj ^ Uli V I Cul^J IdA !<jajtUll 1 A II <J^>JtJI i 

. I ^JJ d -v. <SjLlLo jXdaJ (Jj£\ CjLlIIISI niLi ^ Ai-LJ-1 A II 

<jxLaVI ^Jl ^ j in . II ^dll! lj_flL>. pIj 4JI CjLoljd <£-LaJJI <JiL»JI jd <^Ja-ujjl (^1 j 

.<Qj^Iaj dill I«JlA^ 

4 -^j jj * Jjld-^V 1 C»1 i \ ■>■>,» -a i 1 » *1 " jxL-A^l <1 <Aj| <j )n -t-ujl (_£dJ Cj— »L^ 

V <L*iiAdj iLoLali <J <Lo j-cw ^Jl < 4 -^La c^K J ^Luiskt/I 

<<Gl d-U .4 i-mt I loJI <_> a. y LflJ ^slc. < 3 t v wl-Jl Jd^» ‘ i-^-1 olj i juft ^r. jli 

? ^ ^ ^ ^ ^ 

5 jjs (jVI *j »" X *« Lo jjJI ji* a" C*iLa L$_iLi <LoLaJ <jJaLL <jljl (j-lJ *Lfil-*4al 

d >■ > -m ^ If. t(_yujj j ia . < t.n.!s <Li^d |>-»,li~i Jj-C. Li l*S CjjK La^ <«t l ~>.l i<-i il 

_ 1 j 1~J j 4 1 i«-ijVI Sj^JI CjjL^ — (jji&j I4J d° <nl in <JLLcJI 

if * S # 

cljiJI a j-A ‘jLj ad>j <«•! <pLo (_y-H jj-ll ^ t-»l 

f j yf yf ^ 

I ^ » 4 'j-a ^y£. 1^1 J> SjLJI O-wL^ jj) «i II Ijjh U^J -jAjI a III <LijfLi Cjld u A <<*» 

O ' ^ -0 ^ 

jdi *_d-s Ci-SAj (jl - 1 J.I 1L1 4 . v. i Aj ^ I jxLm -> ^1 i~i l-i { 1 11 IjJ (*g X I ulrn.ll 

.£g» 1 1I-1II LAd'® U*- 4 jjLaJI i_ 4 - 11 I CiSiJajlj <<jIjjJI jd 

<pLi_iiU 4 .JLra.JI 4 ^ yj (d^ " Ij-* (_j-S iljlj-ij jLajI ..-II Jj-o 

111 <\~i 0 i-i ' 1 “°-*^ < 4 j-uj Jld 3 cpLJI (Jd^ d^ *~*d a 1 *“ ' d' 1 *^ I 

ja-A jI, a~ iC.I d° VjJ CjLSjVI liJJj jj-S I » II jji'j-ll i— 'I << , *il £jC- a jjl is \ II j». 'l l »~ II » 

H 

} I I *> f 4 -*j'y «” » * (^-IJ jLLLsV L^-jj jt ^ 4 *>1 k ^ ^Lo ^^Ic. 

.dLi-^ jVIj CdUt ^a k^LaJlj dj^lll cjLa-i-ol < g -^l^oJ Ljl^ ^jJdlll *J *Q-^~ 11^ 


< <_^_il_<ii_A LoLAjI Id-Jjj jjjJOfcj-Lu <1_V_J j-ij AXjlu dJLj <(_ jld^J I IiXa p\j2 (jl ■*! ■* V (2) 

. jU H I jl ^LAjI tj-O 



<uLuo-*JI 4j|jl ld_A j^UIjlJ ^Jl pi ^ <<iVl ^ 

4j mC ^-l^. ialiaJI £-aj f^^uLJI LT^" j CjLjIaaJI iLa^j-ol Lfr* <oj ^IlJI 

g 

^AoJUa^ira -t-u^ | 4j^la_i ^)| ^_lc Lluj^j d-fl-fl < 4 k^^LaJI 4 1 ^ ^ILLo 

• * * * 

_>33-* Sjjj (jjJ <£»_)-a. 5-^d t^ 4 J-^- 1 j* in II 2)1 j ' 1 1 II c. Ciail jJLj . 4 Mil ~> 

(_J- It (J < ,„ VI j^JI ->.,.V~I~ <^_>-A. <LluIj,Aj ^LUj-luVI lj-4 j_jJI i<Lli 

#= 

J-x-o ixjlj Cul^ Lll <j| Jn.-A.jf^ < ( JjL^o 'jTx x.i-o ( _ f -ic. J—Lc .^1 (_![ AJ «(JjLo jlt-m-a 

(Jjta. Ij| <GI tillj 2>-° l^~ ■■•! .^LfijjVI ^-Lu SjiJI (jU <Lr illll 1 • • A I' 

<jjJI ^-L t~> 2 >-l L^_W ,JjVI j_jJI J-laj jjLs < 1 _JL$I ^ jp -t.u. n I I 

L$_W <-i^5. jc. S j£a <Glj jja. 2)^ <(JjLo j>~' i H « JLulILluI jjl .^Jj^l 1^-c.Ujjl 
Lijq^ I 4 U jj Jxa*j ^ILll 4^jdJI ^Jl — pi / <■ ^- V 1 Ja^SLuj — Cjl j I ac cjLL^j) 

. jJ^rk^LoJJ ^1 lU>VI Id-A d^-o dS^j <43dJ^ 

0 x 0 ^ .* 

odl 1 ^. 1 ^ < jijLaJI ^.a ^ j . al L« .1 4 U a i J ,1 'H r 1 ^ ' 11 ...J! 4 -i >t til 0-il5l 

I «fl~ (^jlll jx_L*JI ^ idealization Jl* u") . ..VI j abstraction a_ u? ~,II s ^2 

* ' * ~ * 

< «j-n.~ CjI » ■ •<! »■■! i_i,-x-TwS j_jjJI < *Ia A jJI (J^I^aJI jIaaLujI jA , |l~' o~> <»)Vl J)L> Lttic. ii-ajiaJI 

J^aljt .i.u s^JI ^J\ explicitly jt_^lj jj I be j»-li >1 ^ ILjj .L> 

- » , « ' 

o*- x— fl-5 j)~>~t u > Zj£ jjp Cy* (5^ lt^I 

<-aj (2)1 cJjjl j-tUlfc 2)1 J_lj . d » a. JwLaj 5j j)U 4-S-ij-laj j»,l iLi.Lt <^j^iJI 

Ad A p. ^ <icvjL=»JI oljaillU J ^ ^-o dlj) 1 < u 1 1 4a ml jj A old^^o 

^ ^ L i . ^ S^iJI J i LaI \ 4.* 4^>1 IjLi pl^Jl <-ajL3Lo Cj^ \ \\ 1 11 

^ ml 1 1 1 1 dl J-LJI <4jJlxaJl d jd mui «^jid^— > 4aLfl \ jjx a I I 

s s * 

Cj-jL^ <pJLxJI 4 - j >3^ ^ ^u-JUaj)l^ 1 .6^)ilJ 

« t, ^ * ji « « 

.4-»jJlII dl^Lbu 4_al_j A^isUuuj A^) l*> \ mfl ^jI^juJI La^^j 4j^jlII 4^^^ 

y. J ^ ^ o 

LPjfj jU—l di ^.iSJI (>^,>5111 Uijj -cjjjd ls 4 J - * '' rr J^*' 

LjJ lj^ ,(1-3 J^iJI) jdJ^ <d ^ c^jJI j»ldl ^ (3, (1 727-1 642) 

:p£^aJ) <^jX> 4.1 oL jJi-JI ^lc. 1 * 1 *^ Aj ( 3 ) 
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. jjaJ ^Jl JLSjjl La^jJ Llls <1 i rnla '*' ' ^ II j l l»~i I' 

+ * * / i * * 

'-V I J <a£J (J-Lkll < ■ ■■ Ilka I n-»-k <<| tfju i il anil tjlfi .j J L JUJ Lj^Lk.J 

pi i jJI J.A.A <LujJLi Jj^.1 6JjC.Llu_> (jl . 4 t.Ui.'fl p-1 a 1 1 II jxJaX-1 

,.S >. V"v li p.1 tj tfl II ^lc ^pll nJLfl ulJa idJi_» j < pLjJ) i fl 11 

t j 11 4-^.La^J olj <ALajJ1 ^>^LjI 4-jI j| «iLIj <j-o (J-*-fl << ttjjLaJl 

S^2J JULoI <1687 ftLc j iVi ^jJI <Principia ( ^ p-^gjl iaJI <t ^ ^1 \j t <xjLLqJ 

.ikaXJI rationalization <\\li ^ j£*H 

(jjJI J / <> i i .. ' \ jj II ^ If 1 g lie. ^ III ^jjl (_)«!■« ~s. II ( _ja. \ l Ul axioms Cil n 1 m .a ^1 
I $ ">!■» «il j-j <_ijjLj LijLi js-j jj-o j <e! a II LL 1" <9 J a II ^.s I j ...jVt ... 
^_i j (pLk&aJI .j. I I I »« <li^AJ| j^vj ^_l. ^_Al ^5 Lsl * II « II . s l \ t a j ^ 


iLLuALLi J_.,A l_ u ll (J ^ U< VI jl (Philosophise naturalis principia mathematica : jj> J*tU1 ^^1 (4) 

.Mathematical principles of natural philosophy I....U I 



gin tui ft gA t ) 1 (j A \ fl~ Ljjjl lj|j (j-a-i (^Jl Lj~li-ml i_SjJ»j LijLi 

aS 

:^J_» LaS L^_c a <^LlLa 

.a^i/ ^ Ls <yk iiluLO ^_lc 4 >.a ^ 47L. ^ xuaJ/ i . / 

^ ** 

.<jJc ^ini iu.njf Aj ; fl / / £_£ ^ t_l <<<Lllj 

,, ^ ^ 

»&Laj V/ ,—fl 4-LuSkLxjj (£j LuJI f-A <j la Lu i J J j iJ*-8 lJ^ -3 

^*C . , „M< II , ‘1 . ‘.K . * 1 1 -v ■'- .A II £- j_*^aJI i i^llll at-,. , ,. i I I ^jLcaJl a j-i ^ Ijcj 

1 i'i'uj (jjjlji Lf^ ** ' ' ' A II -t 1 1 I j .fij (_gjJI <((^,i->,l,Vlll^ 

? <1 if.l YU .,-~.VI jUs^l) mil ajjb ^j_Sj < 1 Jal j<Lll j «ol _£JI J ..~.l /'i ... -> II 

a i . . I I ^ satellites 

ajl ina II j 1 1 t llr. <I-L^.^LaJ a jLc.1 JjVI ^jjjlill 

<a slUI <0 jJilS Lai .law of inertia <Jl^n»JI ^jjLs *l *«l »n.T n <j>ln i nji o-a j.aJ 

*• 1 rnA jLiXUA ■ .1 ..■‘V t lAJ ^fluil ^Icl tfLoj^^r i j L±X \Q 

LliLi <^_a_LkJ1 5^5 ^ < a,.\~ LojJlc^ . * > ...-v II L$. j g jj 4 a U \ ^ 

.UaLilj uM (2h° ^ A I A \\clji f al ^ tVl (ju j \ s ^-Lc.1 4-C. j m > in v 

• <aS SjaJS I *» A a w jjl aLa-jVLi I— a_) ~k *1 1 LljLs (<JbjLa> Jj-a 1 o_l <. n . ^ a j-i COLijI ijlj 

:<^JL 4^ ^^itlll liij 

^jLuilil X a /"C'/Z a ^ ^ 

^j-4 (inertial mass <_> II Li » II f u, \ nJi <UjSJI <_ > j ~>. 

ij.i ^)j5Li ^jl umII (jLs taUnA-a SjA LjgjJ ^jl^ lj[j -Sj S 1 1 j<j-^-II 4jLaJLauV 

S« * * 

.hj s.\\ <Jl<H l a. \\c l^jjLna Cxj^- 1 J^jL-kullJI <S^iJLaaO 4 1*V\1I Lojlfi. 

W Jl ^ ^ 

llj <<iqjt g ‘I n~ ...I <jLU _ } J; Sj-uill <jJUoa II ‘dl^ll j > <7i~ ajl n ij 

^ # > J 

' ' > 4jV ' *» * aJJ IjI^^j ^jjSlUl t j_4 ^j-4 aj i i^a > II (j H II . a .^‘. < C~. . .. ij ^ ) .. < s a II ■ 

a l~*\ I I .•• ji'l j i a ^111 <JV Aj <Jj£JI 

^jl J a . -n. a II ^j_oJ f 4x.^ m II 4_i jjJLu (_£jJI |JjA_aJI ^jLlujJI LaJj 
i iii-s jl, uia> jjjj II I t,.\ ft (Lf jllll Jj^jjLS i jS ((<!> jiXo» g-Lj^la . w n. ~ 




CjLSjI jj-fi Lcjj ikLjJ jjaJ (jl^-o Cy* J 1 * ~'~i (jl « ' SUaA-o S^jil £_uiLa. 

^ ^ d . » * 

i_)l xu,-3> (j V <jjl 1 "■ II I J A ^_S J i -v . I i-> ft d a .1 . . ■ 11 «<_S <LaJ^j A i ] Ti ft 

<io _>a 3 JI (j*a 4 ia. £-l_>^j <lii. 1 i* Ljjjjij (jl o < « i Ciljl molt 

^-fij <4 l-i i in i Jl CiYLaJl (j-o (j^ fl n II jj-a-S <iiLlj £-«j . j i a II ^S\ 

^ tf 

Ll ^1 <<L^.jJ^_aJI 1 6J 1^-^.^-cJI illllg <Sj) ft 1 I SjLftJI a 

2 0 3 

J<L.?J 1 ) <_■ i <<il ^.rwJI JLajuLujLi iiUj j <i_j^lji!l jjjj oM^UlJI Ljjl ilc .1 (jj^. 

lisjx. Ijl <j| ■ <gi ^Ir. ji i < » 4 ~ jIjjI 1 1 i < \-o i <ljl i/~i~ -%lj .( 2-3 

(j-o < I * jl ^ .al > a <^JaJ«_o /vaj ^-S _ CjI a ' ma. II /jj> ** c - J) " ^ ~ ^ *"«- jl — ^ A-uia. (jl^o 

- ^ 

U^J Clij (^1 (ji <v-j- 4 lj <jjt ^jJIj <6J^a-j jjK*J IjajJt <4-a.j 

f 

ill jjl^ * ^ 11 jLk_o1 ^0 I L-w l J d fl ifl.\JI pljl n l a 1L> j/l ill 

4 j| ^ <*Vi Q > <G| JuLu <^JjVI .6 ^-U-o <j-a ^-ar .1 iJlllI <j^L 5 

!J. S 4 -ijLxu, ^ 6^5 LfrLli. Sj£JI l$J (jjJI (jU ^-IJ » >^o Ijl 

•* J* ^ ^ 

<«t < ij -k II . 1 ij 1 A n II !jJi SjiJI LfJ ^LaJiVI <_ui^L*_aj 5 j-iiill 

(LLoaLj I (I Kj*« jl ujjcai I (j /I I .^.*1 Lojjx. S^SLSI I4J (jajl'i' ^yjJ! S^SJL JJ) * Mill 

f ~ 

/ O ^ w w ^ 

« ^1 fl ^ M » • “ * *XjI ^-L^r* iJLiJI ^j-jlill 4 > a t a ^ 11 4. > n ft VI 1 

3 

1 \ 1 1 c \ ±~ \ <lj1 \ \ s i<~\ a 11 I j_a ^ JaLfluat *iV I .conservation law 

.<xfi 6 J jl ^Jl (V lAl flail ^jJLJ 

f 

I j-A <j1 J _5 .JJ ^ La V La 1 \j iti ^jl ^^jCJ ^-A Jal fl ^ \VI 

«|kla II La Jjjj oLLJjljJI ( j-a g-Cj-a Jri a» 

# j: ^ ^ g & 

Symetry ^hl M 4 a > AC. S^Jaj Lll 4 ^v < j-A-alxJI ^ 5 JJ L a\ j*J&l <La 
(j^Lflj *4jLajJlj ^li-aJI CiljJoLlj ^ ~i "k J <^JaA II - xu <^-ujLluI 4^.^jj - 

4. ^^v*S ^ ial fl-’k tl ^Jh dJUl 4. v .A“ a ^ 

.•I j '.I < j o II ^ j .conservation of linear momentum ^ L ^_l l j ^ H 

2*2 * * 

J < ^i l a> ^ ilia. <<JoLuij_i ^ i i ii a I £g fi -> II ^LfijjVI (jLfl (^Js i II.UUI 

"’ I* ** ** 

* 4_i£.j-lu ^ a d th^ 


x h&i = £ Lji £ti;y/ 





jjljI *1 «iLJj jj-o jj!iLajG LlJlj Lo j *1977 ^Lc. LjIjj yy 1 1 1 *2 

4 i^lfi £ , \ ~w I ^ 3.6 ja>li <c.j no 4.\ mia mil 4jjlalaJI ^jIaILuj g Lu uVI d « ^ uA 


>Lo 150 iji^s jjU -» j <^n/> <nji (j^k. diifl u i.,j t_o <u<:kn 4-i jhH 

(j-a 1 iA >1 .“.ifl t . .. 2 j *lj-fl (j[^5 1x4 ,«L^.jJ 35 La^JJ . XlyCI I ^Ij-d (Sjh ± tikA £— 0 ^ < ^yLo j) 1 >*\ 


jlxo £_-o ,<juuJ 1 4-i^.i fl 6J_a.^$ 3.3 pL-A^j LAjXA 4 c j . . . . 4_i_tu_o_ujJ I Lcjk 1 ft II 

s 

4_C.^-UJ ^Ij > j • ~ 11 jj a ^V1 jaiak-oJI ■ a U *L^_j VL» .4_a»^J 48 L-AjJ-S I 

1 ~!>X-k>1 ^1 t£>l jj^JLiJI 6X4 lX-1-a-uq XAj Ufl l Jjj tyilUl (jj a/t l -h Aft J! yy>lj4.u»ll 

4 > ... /N i» II 4 S^jULo |kJ <L<i^_fllx4l ^Jl ^ fl£-> 1*1 aL Lo$_l1 <JlijJI 








J “V jSjAA* J-Q 4 fl )J fl 1 v^ ,^_J <Gj U-flJjJLjJI tlXA ^_lxj 

* $ ' ■& if -' 

jx, SjS ^ If- <JVj jA ^lijjVI . (jA 4 ~k-La ^lijjl t-Jajj i^j^ILoJI iljliaJI 

6ji»_j ^-ixo 4 a ij a ^ ^ (^j-u 4_oj IjJ <La_uija. *_i i h-i > Laxlr. '*lj — ~ ^ W jk-in-v II 

^ 1^ H ^JsaLkJI ^LsxlVl (jt j^lc. ^LsjjYl Jal 4 ~k jl JjjjLS t_ y~ i > J J .4ijLlaJ1 

4-kikjUk 5 J| C I 4 . . Al "i J. t C ^j J*\ V *4 t— . v j , 1 T, j i* n V Xjl * 1 4UU3kJ1 (j-° 4 r j a a aJ 

<H 

Leufclixil jjLs ijJjLvlj Lijfk jkjl I<~I~~I Laj'u 4 ((JlxaJI J jj < <I jjitJ -L^-xlc 4l -i I j.i a 
JjlijjMJ)) Jji^JI J<ai!l lijicj . 6 Jj_>j ypl i^~i~ill Jifl 4 i II Q*> jJ& ^,-laaJI 

■ 4-il» Mini ^0 (j's 4 Vi £jl Jifi ((jjJa^JI 

0 $ -® 

f 4 l~< II 'J.. a j La^J j ■ ■ •■ -j I J -a. j-i ^ ' a AJ <4 jkj^o 4_j_a^ ^LajjVI 

I J -^jl 4 I" A. A ^jlxlijjl ' j * A I* A a * ^1 *1 * (j^i <Lc.j mil jil 4 IJ ^jl -*■ « 

jLc. LijLl <4X.J Ml ll ^.1 4-1.1 (_y-ll 4^_=kjj_a L a -fl j-a ((jLa-j ~~k. l"~i jJjL±J_> 

s 0 * * 

,jA.±s\ II ^jLlu^ K 11 ^ 1^> "v 11 Lo^_cli^l j <^jl m^l % ~ ft ^j^-J nij .o ^jl \ K 

1 a U jjj\ ^_Lc j , \V> l^»l^ ^j| JlXj ^jLojl -u->n l-oj\c^ 

** p ** p p 

.Lt-o_»1 ij q ^l,.\U i^VI ja a ^ K H La^_cL^jJ»I Lo-aIj^I 

- e o ^ 

^jLi <(j 1 * ii *y II £y° jt > ^-c^j *C>l JLlJI Ij_a 

<vU^ 11 Cul^ Cti :LoLoj <-oLc 4 >jVi H 6J-Aj .j-aJLL V ^-Kll 

% ^ >- * 

^liu uj^ 4JL^. ^-l^- Jlr> \ ill olclij^VI 6 J-A ^j-o^-o ^)Lfl <£j 1 Ajaxty II Jil 

A \ ij q“ UK ^ 4 tV ^ 4 \ x 1 4 in i\ jj jUJI .(3-3 6j> ^ ^ jm . ^ 11 jg- l 

iflLa-j Cilj^JI (j-u jl (jjj jkjLaeu (Jii : ^j-lra.— w II Jal 4~k >l Ixia. 

^ ~ 

k_La_jHj 1j-Aj «<JjUaJI jj-Lc 4 4 l~ ■% a C)l J. i ii o ^\ (^jlfill ^ ta i 4 Ijl U II 

Jl 

.4jjlkJ| is La. L^4 j] Sj^ Lh° Sj^JI t-iljlil <Jjlj Lf -lp 

• (_j-I 1 jJjLlij.1l 4£.l5 ^ya <i^.j4 Lji! <4j^La£. Sjiii j>j4 j tu 

<4j1aC. ^| UriL^-'m ^-Ua. II ^lijjVI jLS Lai <j] jJk <jkl I j 1*1 a II J~ti II 
jj-loj Laxlxi <lj5kftj .(jj^il -k II ^lijjVI (j-° CuLi jj5 jj^.j ^j- 0 aj ^Ls 

lilc-lijjl aLaj! j.n» ij (CjliSkjJV. ^jl. i.ii > ^-4 lilclijjl SjLij jja jJI ^.la 8 i cjjjl j^u 
jj a ~ i V « ^lijLVI JjLL La jLS-4 La 1 j ■ ■*■ /jLi < . *l~j l . ... jjJj I a '*»<■ 





4 II J Ua .11 ia-fiLa^J Lo^ax, O^Lc.l. fl . “J I^ <CjLo 1 jia-i-oVl -3“3 J^k.u J) 

" 0 ^ t 0 t ■ 

£—o Lj-A iS^J jjxfl (j-la 'V-H ^L#djVl ^_A ^j( i ^» >J I ^-l^JI ^.IkiaJ i 

Jjjaj ai iAJu jjjLlJI cjxV L^jujj ^LajjVl jLioj . cjI^JI t^j-a 4x j) a t» o 

5 ** 

jLoiu US <«*■! j_A^aJl# cjI^>SJI U-* o-mj JXLlij . jLu^Jl ^ $ - uJ I aU*jlj 

(JaIj jjIj I.tij -u |fc $ <*<V1 &J-A CfcJUj Ujj ^-g-cu^l CjLaUjIj JIjiaL «LiJjxJI L^lxlijjl 

(^-i-U jJjl <jl Jj <Jlj 1JL> ^-uJI ^J-U. ( J 111 dij^i i 4 XjL*-u ial da ^y-fl l $ OA <JS 

» 

•(j-Ua^l <«* H UjUuA ^j jSj “ ‘J 


(J^IjlaJI aL^jVL» %As ^ iu ^-SljJI ^ K II ^LfldjVi 

^A-^l j s\ "1 t SjL^loJI <Z\ £ * 1 1 lj| La jlj-o 1 i n.*> dLit .v L J^L*. 

<1I5 Lj <jjlio Lir%. S^la 5C ^ojVi <lLi^ . ( jxi^L 3 lxJI aL^jVLj u*a m IjI L^AJoUIj 


uu lljJ LI _L r> ^_-o L d ft 4 a in*s V La j_»1 ^jLs i <cld^)Li — uj 

.6 jL-luJI 


a^ Mill la-Aj .Lo j LI *«* I <La_i!lj U1 a -v ’i V I (jl Cilftj J) >.m ail 

i3 

tjc. 4_il jJI j in a *LuO-fiJI jJnlu ^jLi IjJ <A mil al <JLaJl dJ-4 

shape J’v iTij if- 1 1^-» ill j 1~>1 j ~i a i >-»-i (^jJI Lo .^Ja-aJI ^LaajVl Ll a ~.l 


. ^ya L ^vo jjiuJ ol ,a.e1l J ^jjs alia a ><« > Lo .aJUJI oa_A ... Sal .Aall 

<* % ' S- 

AJLi. ^-U aLxAiJI J L i /» > a~ ... ^ L% ^ u I c. jLa. al iA 9 ; j_S ■*L t j ~. J^Lij 



(jt ^lc iiUaJI jaLsa. jt (j| .j-iJuLo V J (juj <« <_it (jlSLo JSLt tJaJUuaJL) 

« “d -» » * * 

(1>! ((^^Llo-qJI <Ll!Lo) 4jL»jA» ^ c-\ . A c II 

. i*l 1. V*C If) c. 1 iAq I I 


p i Z. ^ ** s p*d«. t 

(_£^>a.l <lL i,a£ fl j U \ j <jaJ ial a -fl. ~il (jjjLi :£dLjJI (jj^jj (j^jlLl (_£ ja.1 <.,-j tVt “Laj 

j i iii t * uua ^Lfljjl j-Aj <(jJiaaJI ^LtjjVI (j£. iliJaaj li$ jjaJ .aLuaiJI (J lS L A ^yS 

* * ' 4 ' 

jjk j ^angular momentum ^jfjJI L*alL L-iJ .^jlslLll^ .kk ^ 

jjj_i ill JjiaJl flywheel £jjl <_i >V_$ jJj .S_>jIj jjJx. _>j— '-^.j ^ j -u± j . ^Lajjl 

j^Lsjjl l^is t-itLi jjJ-* iijl jj I I <a.ljjJI Lai flja. ^Lsjjl <-c. j i h i 

.jji_a£S (^jlj 

JjVI j- - II (jlS Ijl ja.1 (^Jl ^ nrj. (jfl (jjjljJI J^LsjjVI JLiUjl (j^flflll ( j*a 

s * s $ '* s 

i,L^ul jiJ ^ ^ iti~\ II ^_Lc S^-S (jg I <torque 

(^1 X ft fl ,<GjLo 4 ^ I.C. (^4 (<\ 1*1*^ ^.J.C (JlLfiJI ^^La-ll f ixL-^ll 

^ ^ S _ji 

6-* 4j-*_<at <j-iLa ‘‘jZj-* oj^ efj-!' <JLaJI ^ t_.V jj <jl 

*< ? s ^ 

.. iV jjJI axle j^ja-o . Sj5^j_o j l~i5l II (jaij I j jt (jj£j (jjJt “LllaJI I L*_ 1 J . n~ 

I ^ ~ tl . -a . t_iji Ui^f <jjl^-»JI 1 -ijJljJ ^ jVjiJI cr® v.* “ ‘ ^ J - 4 

:<jjljJI 4-c.j < m II Ciljj j ~ II jj.fl.-L~t jj a £_jj^lJ! dJj (j V t (4-3 JL II ^ 

■ < ilc.Lt t _Lsl jj -s fl II ^jJJLaJli 

Jifi jV ^_acsLa. jJX jxLkjJI (jt <Lk_i^_ii t,lij% 1 jl jJl ^LfljjVI 

* ' * 9 s' s 0 0 

JA j\ \~tC- f < t LjjAj (jl ajk-uQJ (jjiojjfl jJjLiJj (jjj^ (jl flj I <~ a jl -L 

J- j~ t I J-3 1 - a ftlj-a.[ spin j»_ijjj j j^JI (j-o ^LtjjVI (J-tTi-i t 

^ / * p ^ 

(J-laj ^| jk_aaVl Jj«-1 (Jjjlj)-ll ^LajjV) j fl fl (jli <tiL!j J_fl J .(_5ja.VI (_jJI Lljja. 

s jS 

iJUJI ^>Si £la^~ju» I . Jn4 , x t to (jl ‘IjSjLlu 4 t If Lo » 

(j^A i V <lcLsLLaJI jiiLoj-maJI (jj <u.j fl jt fl 1 (j KJI (^jl^JI ^LsjjVI (jl (_^l :<LoL*JI 




i^j-a a ^ jr. ajLoJI aj j ^ ^-Lc. _j V j J .4-3 J iLoJ I 

SjJalS • (jj J 1 jj I j > >»*>! jJlLfl ^«XA <j!Lc ■_ _! IU’Li j .a jj-% n 

j^-Lc. ^_a ^^-Lc.1 >> j-A s _3^ ijjlj-oJI ljV^j <J£dJI Ij-A I ^j * ji •^■^■lU 

-^j..l K\\ ftjilau ^ in ialA^JI 


J* ft-> jjjLJ-JI bj£ cjL-LLlj jJ ^JLa.j ^jl Vj <jl 

<dlJjJ <Lak-L?Ljj JJLLLj 4_j| jl ^ J < Aj ^j-Lfl <dll^L^Vl 

* * * f. ** * ■* p 

j LuuLujI S ^Jl o \1 ^ IjlJ M - i J s ^-lx.1 4 x.^_ujj ^_»^j_»JL> ^jJa_) 

iVLj S^iJI Cujt ^ tjl) ^Li_Ls »j| <Lc^ m t ^l uL^J^ ^ ^ *' 

* ' o' J, ** * os 

dl :li <^JLo_iiJI 3 jiJI i a i -— *i ^_s screw U ji« Ijl n .*"> La, *. \ c . j . ^ * n II 

(jjia. <jjlo jjljjjJI lift s-jjiajj i.'JyCJ <L»JJ^_0 Jj^. (jl JjJ ‘Tt.J-au (j-o Jjjj 

1 ’ I ~'l a i j i-s. I I < i iAijVI a jiUI i.ii^'i ^j-S djj (J a. aTi LoJifj ft*U aL jjX. - a a j~~ 

* * ft ■ 9 . C ~ -* 

L jl^ UlijJ 4 1 a a t 1 1 ^jl . i— C^-^- «*-* s-^Ja-A-5 

* * g 

Lj j jJlS a-) (_^ujJ <j ^ (LqjIj dll jS^ (J Iri > J.uj ■< I o-> n t jjlj jJ ^ I > j a . ^-. 

(<Ji L)" 0 ^-Sia-Lo < I j ^>A Jra 5 $ 4-1 a f. Lli^s a. \ Lo^j 

•(5^ 


iJSLii ^jx. U^iAj ^LidSV) JaLfl^JiV ^j5 L aj Lo 





a ~v il 2)t-> Ll« ujijxs <4_>jl jj^yJI <<> j^JL ^ jl jJI ^LsjjVI LaJ 

2) u i ^jljJI ^LfijjYI Jsl a ->- *1 ^)Ls ■ 4 a t a II Sj .cl n-iill ■" 1 \ \ in i 

2)1 .cLiAiJI oYllC. (jjl (Jjt-Sj (jJ-S ( j \ >*-a j.J rx4 . ~ i S_>jlj (_j-lc. t-jj- LU Li-il 

^ If j i ■ •■ '- Labile cLA&JI unifority ^JiLaiiJI ^>-° (3\ L u j^L-v li j^lij^VI H ^^.>1 

jL.ni Labile pLua-flJI JiiL^ ^j-o 1 jxm \ < ^LflJxYl ial ^ M Lol • m o JaA 

^ 

cl 1 A 4 II ^1 I i ^lijSYl jaLa^-il (2,U <4 i~i a t ^j£1 ZJ >•» ' J • 

L'/i ■ \ i j .isotropic ^lilo <j| tsijIjJi ^LsjuVI <(j>ivLr>-~La ^^JL^Jt 

I i 1 A j I rt\ >1 J*il n" ft pLAaJI jjl <£_L^lj C^ji ‘'■jl (jlaj L° ixlljJI 2)J_yjj Uv5^* 

■ . 1 J -V J <1 a » a ->■ 2)1 J-u . ( JjuiJI j fyjLaJI ££jJLll 2>t 2>*^_'* > LxoJ Lo^ 

4-ijJijJI 1 i jl » a jit 2 jI 2i>j1-2-ll 1 j-$J measurable a 1 1 <cLiL5^ < ..n. ,t, a,,^ 

. *_jl J f-^LU Ijjbj <2^JU^Tk 'll (j 8 -v ~ ) I C-l .^>all 4 jl aaJsJ 


? j! ✓ J z' ^ ^ 

J o>“ j.uj <( jVI gLjJj-uj 1 a ti JJ U > I Jjp <L5LlaJI J Cila-^V Lo_ij 
ctibC ,aSJ .6 j! A*if.t Young ^I^LaI ^j-° £xj^ oLo^ <^1L i<~i oil lj_A jj 

Lo Jj j ..." < <LSL»I^ <JLuol <L» Cjj-i-all La £_a /.*! t a il ^JjlJ <Hcl \ ao 

^ ^ ^ ^ 

Llj^f fS >L1I Lo L oLo.j Ll^i o-ilj Lil .S^iU 

j ^ ^ j 

4 Q UI 11 1^_>U Lb jl -ftl f.l^ . L^ LUjLo-j 5j-ilJ 

. \Lt_La Yl <t \ IajlII SI.,ia-)I cJ^xj g-Lj) k ft.ll ^jl ^-Jx. 5_o^Lc <Lcj_»l ^jJl **L*»1^ » ^ II 

1 » 11 til 5jJ HI o ^-fil j-J J_Lfl <J)J LiJLc. jj-C. t l*l Jyt^i ,\ \c. LljIj La^j 

jxJxC. 0^ II {ji < Jj^aII ^1 ^JJJ ^.iJA^Si oil j^j-O Jllul (Lo^&C- 

-» a e . » ' 

iJ*\j a Y[ L^Luii Y (j^-1 <suits cjYjoJI ^-o >*s jjx. .J a mi 

LxLx^Ij^ ^-4jJa Ll^Lfl t^-olkaJI II ^ ^ Q ^ Lo^ilc:^ 

^ £ 

s-L»2>J- a -ll (J-S (j-i-C- io^Lc 4jtiaJI 9~t (Ji_ttjj ,(_)A»j!iLaJI (J i. /^r> it..! 

■ 1 0 J . ^ a > ^JLaJI ^ i m < il (_g jJI 2y-*l 1 >* < hV I ijpIlJI (jj£,j 

2x>aJI ifl^j (_j-4j .( 2x>® i. .4-^->,~i j»JLaJI (j_9 j^^j-ll Ijjk jLllil (jj j ~ ml aSj 

* ^ /■ * 




g p * * 2 ^ ^ 

lLaj i c\ Jj) 1 ^ fl_l_»jl 1 ^ 1 U <\ JI^JlLo iiUJI cxjLS { j -iii.c ^ _t.ul \ II 

_ 2 

jjiaj V ji-ijlj ifiliaJI ^.Ura-u-ifil ^jL^jJI J^xiLlI JjJLjj .f-Lijjill Ifl-ilc. Cxljl ■ ■ •' 

* ' $ s s 

W. /jjf -<ii -o^-lo jxLxJj "1 846 jxl_t ( j-& <Lj1 dLlj <Lo xa. ^Jl 5,5 xj &,.\ tx->.~ 
i_L~i. < C <.v.‘s> I («SjJLll ,•>. lc ^_a pLijj^JI)) jjl i_'~>^v i JljjLo (1907-1 824) Thomson 

S S' 

^y_Lc. Jl 9 T i VI IxjA iX^ XSj . ill 1 IjJI lxx-a-11 jj-ft <JLLJI)) 1851 jxLt 

CjI ft i iii ^ II l (] » A i » A Jj iloJI .-■!/'>. ■■ -v II CjLxuIjJ ^J-S La V jl i~i 

- ■» i „ 

CiVVI I .' (un.'l j_ylJI 5 J a.».,o.jl CjLc-J ft -k-a.H (J-aX. jxj <(Lli^l_J^ L(j— La— ml (_j-aJI 

4 Ijl A. .11 


gj 

CjI J ' III II J^Lk J_I J-L jl CjI jJ-a-j (j-a 4 Lot Lm ^^2 Cil n i m II j -J . t J )*i > ~i l 
jl £jjkal AkiljJ <Jxmj La^ ‘Lf-ijl -J-4 i£. ^ Ji.l ~J .ll jjJLlI (j-° (_5-ljVI 

|V 1 i II ■%■ II 4 l"X i_ij-x<a jm Lfl.xLc. J ij~i~x ‘i (_ylJI 4-xa^JI iSliaJI ^ U-> </i a Jji«*i m I 

_ _ s' _ -J O'* J 

VIS 4 t y j | c 1 1 1 j « 1 a o o j j ~< ^ i ^<^11 <Lfll_^Jl 6 J_A ■*** ^ ^ Q i f j i j» ^ A > 

* * 2 . 

(J-C i ic ^_fl Ul J^W-O jA.G (^jl LuuL^. I _Ujl AjLo cj jaic.1 j <viva 

jljjl <j_SXa 4 a i. \ a I 4 . II 5 jjjJI Cijljjl 1 a K 4ll 4jjjl_LaJI J ' < a ^yaj . CjLaj-ux^JI 

- 1 ^ i. \ ^j| j*C a ^jjjJJI Cj 1 ^-oJi 

^ 5 s n ^ ^ p «• 

. LaLoj 1 ^ ^ jjJ ic.^ujJI x 4 I 15 CJ I L^-jLi iSLUJJ £-j 

ifi ^ ^ ^ S- ^ 

I aj\fc i* 1 ^ -v i _a I g he —> 1 (_yj.ll 5 3^11 A jl,x~i.c l 4..rv xVi ^Ijja^l lift jjJI 

^ Ka (\ 1 J S \ ^jjl 6^ill jL iL C ^pjl 6^1^51^ <Lo l^A i'll j^Jb <4^1 \ 

6^Li£. ^JJjlII J-oIjlII ^ Ijjfc .<H£.^-uj CjlAC L^ o-> Ijl CjI ^-o jl 

« i A I A Jl \ c. 1820 jxU 4 -,Ulc. Cl 4-1 n j£l jij .f-^yJoLk 

<^yjLxJ1 ^jj'iLfl 1 <La— aj (J*S a 1 (J-xTi J x 1 4 — ujj \ ‘1 /11 ^jJI^ WOrk (J_a_aJI 

Cxil^ lj[ J 1J-1 il J Lflc. J 1 JL 1 <^j^iJI (j-o 4 \ I til ‘ 1 II TSUaJI jjl n ~i 11 jji ‘J 

4iLkJI ^ n ... , 4 ^ ~l 1 II 4 > nK II . - ■ ‘1 * - . a J 11 jAi 1 _J ! J U J . 4_i_oLL! 1 6J-A ■ A-xal 

CjjLxjsj Sj 1 <j~i 4 6 X 0 X*_i Cjj-IJLj 4 1 n ui~i.ll *j_A j^-l ^actual energy ixL^L: Jl 

:^jjl <Lia lie. ^JJa-Lasa-oJI Ij-A < ^1 j akinetic energy ^SjaJI 55LL1I 

X UZJI X = i^^JI til U 




1 1 <4jJLc 4 <ilL. 4 c. ^ j±a \ i*l j -v " ^ \V\ p mi 1 ^Li <. I yC 

4 iSlla 1^» o l ■ ■■ p <_^< ^ . 4 .AQ-\\fl ijjLLa pJa_LJ jJjl^JLoJI c_LlL^JI 

.0 ^ .* * «<* ^ _fl 

Li iSUoJLi inn LojA^. 

■ « Q *« a 4_c, j j± t \ LLfll SjfClLfl : jJ^rv, j ojl p * m-y II 4^^ &L^jI 

L 1 ? L 0 ^ 

i 8-LLk a U -L H l^-cli-Ul (j^J 'I fl aI -v ~l jjx. jJajJI ^ l-i Si <dj^j^JI djsUoJI 

• djJ ■•! i-.~~ aLaJil 


<UU=J\ d t^ii jj jj_s p ■ i ■! a ^ j_^i_o a .,J1 Lij_ii ^jJI work « ) _}-a-a— II » ^jl 

(J-ajJLi f LqJjlJI 4 I~i» i ^jjl La ^ a Li-i I f. I . , A~ a a lj . ...a" dJ jxjjij jl "i i 1 IJJ 
Lo jli£. J-fljdl J\n jxlaJl .4 -A^jJI l mLl^ ts\ \xx> \~\ ^kj <W 

s ^ ^ 

t*L~^ * xJt 4_fll_i.AJL.oJ I Lj j LJ£j . 4 iiXljL-o 4j_fl 6^-fl J <*a |Uaa. 

* * * 4 s * * S* * 

jljji i ,.^1 * ^ II S^jjJI Q flhc. Lo-Kj . < I* Q 1 ij IjC ^jJI (J-O- xJ I jljjl <1 o Hi L^_J 

<4 iii^LaLoJI S^jLlI^ <JLlJI mi \ (J_iHi *k m-y. £-ij <j[ .4 LlA L_x1c ^jJI J-ojlII 

0 ^ ^ 

Ul .J-ojiJI jJ^ jLa-jl ^j-o-t^lLi s 3-^j 

ul IL jj^jJ (J-a£- 4 I <1 i<~\ >1 ^Lo£: Jj-o., 1 ^ „\ v 3 <J^Ua L -0 j * ^ < 

<v, aa 4/^1 ^_a ^1 gravity <JLa!l1I ^j < j o ^ II (_^J-c- 4il m o II ^.uny II ^ \ 

(_yic- ‘Li La-a iJ-aJO j^Lill ^^-Lc. ^g^L> i 

La_a jaLaj-A^L! Sjljl 4-!LijJI -l_ii al 'V.~il * » £jSx*a ^ya 4 * 1~.8 J)[ 

(j^^-i A-ii -kVI JLk. ^ L hi (_j-Lt I (j » 8. ' i tiil J . -^ ~ *. I I -(jL~ jj 
i s l L I I jljJj_i /d -- i . ~i II -.j . Iji ai'i Li-)l I -aJUa JI1 1 » d^Jk 8 II ^jl .U-JLaJI Li^^-a 

c. o S J 

Q \ t *~> i dJailll jl <LAjI~vn-*i d o_i8 (^1 djI-ijJI j8 .^ill ^y> dj^jjiJI 

» i 

. u La . II j . c d-» In 8 II <jL> I a If <6^5 (Jj-i (j £. ■ ik i j l 8 ft^-e I ^ ° 

d^j^aJI djUa < d-i^j-a. i5Ua ^1 Jj^-3 6 1 i 1,'u ^jJI JjxxJI .Lit I J,n j ti-ilj 
<( jjj_i_aiJI i~l a ^jl ^ya ^ «d_i^jjaJI diLloJI SjLift. ^-S J_jl ^jJI « J-eLsJI^ 

dl^il _)J-ij (jl 0^1 LijSLajj . (jLLi jl I Ilia tS j-^. i-all djSj^aJI «uUaJlj t Jj. Wall J^iaJI 

JjiJLc. Siljuaa-a ^lc CjLjjJ ijj -a~L~v ^jJI (djJaill ° '* I .(Jj> 8 *l{ ^ i I « ~ II Ijj^ 

s 

J^-> ^J_i J d a i im II uu^i m i Cunjt-i ii-il fdJLaajtl J 





^ <4^UaJI -^u 4^ ^JLfl IjJ ‘ i_j-AJC- j) \ y i V ^ J laJLi .o il fj^AJ .5*3 J S i t i H 

0 ^ * * * 
t (jxiLi^Jl J^. -k *u> j <piston i jAil >^> ,11 \ ^ ftjj-la 6 $. a II IjlJ& „>=»* i3Uo 

S 0 

l r* J- 4 -*-^ 6! -c£j-^ lP-®- 0 £~*j ^ 1 <gears <j«j>iJI Cj-° ? 1 « »' »« 

Sj^JJ *Lt£^aJI <iLkJI < ii j (^jJl ^LajjVI ^ LflJ-ttj ^l-o ca MiliL <jJjLUI S^fLlI 


. 4aja Alajl 


(J-aaJI ( m yu±* J <,J^lC. ^Jl <5lkll (Jj)^Tl J*\S±£. .(5-3 (J 5l / it 1 1^ 

t jjj 1 

. <j|j_> mill 

*» •*■ 

^j_lC a j-L 4.II jj-A 4 al U II -.^jJlllt i fl-ijA~JI j> Q4~ i _ s -Lc 4 U. \l ^11 6 j-A l \V% "i 

^JJa ^ ^J-sLij I aj_l -«■ .j 4 al L 1 1 <jLal^JI 4 4 i4~t-.ll _J_A i^Jjl jJI ^_S <1 j_A J .(J^JLj ^wLlsJI 

" j, i ,„ « * 

jkLiJl (_J-Lc- Ljj.jj.L8 jJb <.ll»:» Lo (Ji4 V ^ ~l4~l ^jll-,11 ^1 o.4~ mu iilisJI 

^ _ * f * . .. 

t«Q*^-a-i ^ 4tjuii ‘Kj^lo 4 1 >.4*i 4 W<) 4-jj~l -> a II iSUaJI fjjo I j IjAS ^jlj .JjiXj 

g ■* f } o gj 

f- “ ' >1 1 J -jJ-±£ (j4 ujj £-*J - U-° jLa-il ‘I VuU - n 

V ^f- U 1 1 4*C^J ^ ~, „ 4 a li -V 4,£siij 42UaJI 1-La. 4 1 >l< 4 . ^ j ,,, t‘\ l~La..i V ^jjl 

i * * 

^±t --i-x iA {jjj - J-ojJ! (j-a 4-1 l . < 4_j_a£ Jij VI 4 <v_> 

j, J ' , * # j 

< l!j-> ^ im 11 ^ 1 ^ jJI ( J_ojlJI >. fl r.i ^ m\ icj-uj 4 c r l /A a ^ 




4-S LU.l l ^j_o ^^jj| L\ ; 4 juS^j-q 'Aa > 4jfil_U ill Li t\ > Laj^i (Lj^Luj Lo ut-y ^ 4j1 £_o .6~3 <j£-ujf 

> 

Uj a ^.a-Jl ,L j ^ 11 j l ■■■_>! ! ^ JJalll ^3 jJ 1 .potential energy 4^-aKJI iSLUil ^ * *>.j 

‘}Ua£. Jjj JjiUI uM ^ -1-flaiaJI <4 j1a » 1 1 &J-A <4 hViaI I ^l JjJaUI 

4*1 VI 4j-al^JI <ifll_U 0->L^ 4iLU.ll 6J.A .4 jI JjJI 4flU=> illTiftl Jj V ^>-i 


4ja_i^jj ((j-iA-o ^lc. ^yjl iLij £_S_>j Llil ( _yQj~i 9 ‘J ■< _> 1 1 jJI S ji-1 -X.1L jjVI ^ 8 Vl 
(J a*> 'I cJj-lj Lo JlUlS (6-3 mi 11 ) jxJ JJLi £_S j » U~ . , . . ^_IlJ! /j_o j I hi I mi 

O^J |J <j| 2_o «JjVI tjjjJI <jp IjJ fj*zl ^ CS* £-*j^ f’Jfj <Jj^l 


&j_A . iStLa '*!' /. i jLS 4 jLs I3J ^LUI ^Jx. Sjjill i*ll <> < <<L>lj-JI ^_s I *1 j -». " . 

i^ju ^Jsj-o lj <G . ■ ■ > -<■ I n t ^jJI iiLlaJI j <<iUaJ1 t _j-o £• jjJI 
1853 ^Lc. ^JJa-L^aJI Ij-i ^ jJi j .potential energy <j_oL^JI <_5UaJI ^ a-ixo 


<(1872-1820) W. M. Rankine ^^Jlj ^Uj £ v.l‘< ... VI J..r. 0 .11 

(5)« * »* ** «• * * 

. <Lulj <SUaJI 4 i^fl! ^-S <LUu-lu ^ fiSllaJI ^ uuuj*o >L?k| j 


.1 ftj in mLi ^ e\ 1 n*j Sjl^^. <ilU_oLij ^ If. I J_) < 45LUJI ^ If. ^_lu < n^-Q (j-o (5) 

(j-4 4 ja 4^.jj ^iill Kelvin scale ^ 1 «*J j j^JJI^ i<i/>^U ^ m l ji j 

j S . w^l l ^Rankine scale ^jj^jlj ^ 1 m ^_tul jl^*> j <^4>^Ua 4^.jj 273-^ ^.lU^Jl jS-^ll 

.4iJjL^_»ji 4a*jJ 460 - jfjb 4aA j^IUaJI 




iiLLaJi _ <L3UaJI £jjo Jjjjjl J-J 4 _aj (jl ,a *• H 6 j-4 ^j-3 j 
J-oX. jLa-jl <_£■!£■ SjjlJI) 4j-olSJI iSLLJI j <^4^j^JI <.2k.t~t'i (J^>X jLaol jjJx SjjJLlI^ 
i a<-jIiLij^-5 L ll 4_aLtaJi)) J^Le iTil -t Ui i<*» a I 1 11 C. (J^l 4~ m dLjl *—“J . ^ J-4__J-a.il J ■ -*> a ■ 
:c-U_iiV! aj-4 JiLaJ 4_L»JLaJI j J-^J <«4jjjjJI 4 i t U I I 'i j mi .M . a .“sll < a ll-. I I « j 

cA f-J) n o 1 4 i -L «-i -w„a Zj a ,J 4_&jV_a . ~.l I U a ^ ■%. a ,-.l -<■ IU a II » ^ a 

4-slkJI l. 1 1 it ml ^J6 4 * >l 'j- d< I I 4 el U II a 4 '. aI *C II j 4 . Kj II . " al U II ^yc, 4 a l~.Jj - 

^ J S » i 

4 iM La 1 *% II 4a l-UI I Lai .4ia.jj Cit‘>*v-»» J, j ^j-S I ' 1 1 m j ~.J ,t. a ot-a, j^jSJV 4 \ jKII 

s * * » 

oU 4 \aKII iSLLJI ^J| 1 xil j ii»~ 

4-sUsdl L$-iljjJ JV-a. Lfl VC j^a-1 4 Xj I I 4JaLlaJlj CiLlLi^aJI 

(jj-A 4 .J ,^~.« II ,-.l a . . ,. -». II i*\ Cj^LcL&j Lh° t 141.1.1 I I’d . -iLlj 4 I iti t 4.» *. II 

^ ^ I L a I J j)^_,ti II Ijuk pLxLLluVI j .4-ijjJI (_£_^a-ll J-a-lj SUbQtOiC ^4_>jjJI 
<LslJe> ^ 1 .1 ' l-»l a » o^ 4 <JI ^L> .aTiVI islia j_A 4j-alSJI iSUaJI j 4_i^j^aJI iSUaJI 

e i / ^ ^ s 

^j -8 jt t jols jj (j-fl J n » ~i mi~i j ((jisjVI (J '<a . t i l l ^J - 0 <_yjJI t ‘ l lV\ <PJ-a<=JI 

<* 

j I ■» ~ > I * » a j jJI ^-Li’ilj photosynthesis ^ .11 ._i ,i *s_>JLll 4_jJ_a_c. ^_sj 

^ o 5 ** '' 

tillil j ■ 4 ^ot*\ II j 4_»Si_^aJI (j vttLUJI Lh° t-*-^ 4jj^-a <a jLaJI jj-S 4jjxa_aJI <SUoJLj 

«* ^ 

. iiUaJI £jC. uaj Lo dljdJ tLljli 


lii_A ^-o <Lx 5 _lLoJI pi ^ 4 4^>JI 4-tj **> LLc (jj V /v \ ‘S .Lo 1 \ iii ^ 

J £ « t * 

^jl iSLLaJI 4JJlJ J) .i5UaJI ft r> J il ^ 11 ^jl 

(S^y^ ol^Vlj LS ixi\ o>£Jl ^ Lfic o. ^ .. v > 

9^- ^ & ^causality 4_i i i.jjJI Laj& ^JjlII /jl *< ^ a II ^LujI uj^Ls <4 i '<-> II .4_ta 

4 I ... I ...I ^ a L. . a II Jajl^jJI^ - 1 ^ ... .V I (Lt.uL uA 4 uxauII . 4-fltiaJI^ ijlj ■**« lX ^_5 

l_y-A 4iU=JI fl ^^ - 4 l ^4~t tjj-llj ‘4^_>4». 4JL»- ^ £jJ^JI 

JLxJVI VI 1 . 1*1 V 4 »J .1 in II ^)| J&j-i t£ ill j clj-it (j t *> i x II ^jlLLaJI i(jj<jLaJI 

. <_lj 4 i_L,.l -v aII 4_LoC ^_A <Siyi (jLi > *u LaSj .<£. iiu 11 





jLfl-a-1 Jj Th n 11 I j_A . 7-3 J1AJI 

<j>LlaJI <«vil5^3 j-xLx 1 h 

6J n I I a^£J! ^-fl J-J j l m j 1 1 Ja-fll auJI 

isLLJI J^-wu dJtbj .^-lc.V 1 ‘ (jAoJI 

^ UJJ-U 

.6^11 £-i>l Ja£. ^1 (<2^k* 


<j-g (jV <i-al£ <A_aL$JI <_SUaJI .<LSLiaJI jk^g-Lo CiLij) o ■ ' I J l \ 1 

1 1 « ^ g Li^t fl-j-1 . 4. <LSllaJI r j t ft. i. 3 -:n 6 Lfl I tj -k 1 J^-claH 

^ ^ j 

(J 4 iii^l (jjj-ll JaJi-LLLJ j*. Lc. .a^Lc.1 ^ye, (jjj 4_i (_jjJI J l~ - i l 


.<Uaji ill J^Lk ^jLuijjj .{^JilSlJI 1 1 4~w ^J-S (J^aj^fl (j-ic. <jj^JLll 6J-A 

^ 1^ u$ **^1 _ik j'/'i :. 4_o!jJa_ual ^Jljl 4 1-. — - Mi J 

(Jjui (_j-Lc. a j . ' a I I cl I n i Jlj La 4-jl -^4 j-al^ll O-iLla .vJLaj < 4. <LiLLJI 


■LljI j.i II J « i 4 ->^)aJ 1 iiUaJI I i n i i<Loj^Lo Sljl * * « ■ 'j -J-a£. 

^ ^ ^ 0 

(_j«LlJI 4 _i _jk_i (jl^ La 4 uiu LlAj <^^1 J-. i j-iaj 4 j«_s!j _Lj - 

#» S* #* 

Lr - t ^j^- s >^» Ljjj <txilj L a - U ja iUjSVI 

IjL^J .ft It L-oLa_i % I t lj_A (jLi c 4 JLaA^JI .^ 7~3 ix 11^ 


jjJa CjLg-l-ujaJJ 


Jjl fjj-ajVl ^ f J n i n {j -o il.iA.Vl <_xl£. , J fl*> a I I (6) 

.<Lj4-lo <UlfllaJ <ial^ <iUo Tfcin in 




fji\ LajfcljJii Jj_$^Jj i^yLn i <ialUI j (j '~>fll till (jl ^Iji.jTl mVl Lj-tlc. . J > ft II 

tf>VI 

<total energy < > bCJI “LiliaJI (ji LaLAjj^i ^^jlII <_>^a-jJI I «-» >1 ^ c.j">.m z j 

^ s * o 

J-kO_jjj LliLi lj< h j .<jjLj (J^VI (jj^jJJ j d *1 II ^jjisliaJI j />->./■ ^_A j 

(jlj <LAjl_Lsl V J 1 (j 4 I (j S i> »J V iSlioJI (jl diaA jLa ^-Aj <«L3liaJI ial a ~>-'ll ^J1 

IP ^ 

(jjjljJI (j^jlB JUaLlJj :7 ^ ■ ■ .V | |jjk ol-ul a-aJI . <Hjlj d » K II djjUaJI 

liJllll (jjjlUl Jj-o L fl l.aj liSliaJI ial 4 -k 'iV ^JjJLS > _j-A (j_yjLiLll tlUj (jLi IjJ 

. ^LsjjVI Jal 8 ~k iV 

^LsdiVlj ^.l*i *k II j^LsjjVl^ LusliLLS <>jDI ial jl^ .Ljj J-pj 

(_£jJI Jl j I n II J . frl I A 4 II J*\ i"m (jlxjj <111 <ljl_>Jjklj (jialjjJlj (Jjjljil 

^A (_gj j iii J ■ jj-il Vi 1 1 < a-.i~ *i i2lJaJI ial {l-^-iI (jl^ I jl Lo jA ^A jJI ^A (jVI ji-> •>. i 
^spacetime (jlSLajil ^jA (j£J <*a^j c-I lAtll jJ\ ti.ll ^.aa Liiic. <gi 9 J-t*ai!l 

(j! <_i J . ^(jl^-ft 11^ E-l.-Ka 4 II Si jLalaJI jkJ-3 J-oL*-J (jl »-■ '•>_> (j-aj-ll (jlj 

ce-LuaiJI J-S i~i (j-o ^LajjVI Ial t*k il j t m 1 ^ (j-fl <Lj| illljjl ^^Jx. (jjjjLS AiJ)^ 1 
(jl da>flN ^ i£_sl jJI ^_S JLaJI ^A Ij-A .(jajil J.*\ i"i J~i i ' i ijliaJI ial S.~v-il jjLs 
J -Iti.~. 1. 1 «Lj| V.»_a I < J I.lCS J- 1 -C. t ^ajJI (j^j^ < 8 i<^> j>-0 (Ja-J-i-i <(Jiia_La iSliail 

1-a .UJ.AJ jl <Clo J-ia 5 (j<~i 1 1 Pj (jjJ J iP~ auaJI ^yil ^j-uaLoil ^y> d-^uj L ujj 

i i 'L * * , 

(jj[ Ij-e*- L ~‘ J (jl^-oj-ll j-lal C> j -U1 t -> - 'i jfl (jjjl^S jj^ iijLJI ^jl 

(jl dJj < ^ II ^_S Jj-i-Sl jl ^ *I~ Lo jjfi, ^~~k <Llilj j 4 _l^. iaLic^jV I (jxil^Ji 

ill (‘llfLiO II j d 'I ... ‘| II ^A (^-Ia. SLxaJI ixS (j-l* (jl ' 4> - l diUaJlj ^LsjjVl ial t -k j l 

.(^^1) -ISI^JI 

llil^oUfl << 5 UaJI JaLs^-jV Ij-ijAi ^_A ^jlAJI '- 1 A 1 11 \ J 

* ^ ^ T* ^ » 

1 a la r> Lol XlI 6^-t£jLi_0 4 ^ \W ^_A 

"O'* - * t 

lj_A LXj^)-* U^ 1 ^ a iaJI-o (JpJ A If 4 -xu^LijjJ fi ,\ \ \ ciJlilJI 

# & 

/Thomson <^ui a ^ ^JLxJI ja 4 » Lc.Lj-s! x 4 j<> ^ 




4_j> tVi j 1*1,1 i iiUoJI laLLa. ‘il Jjl 6jLLa f j * ■ i. a ^ " a II <Lij-loI Xm j-c j 
'j 4jaLla.il (jlj <5liaJI «Lufc La-11 Q-i-a 4_lJt <j1 ,_j-S aj j»_Aj • 4 jsj£j £ *-ill (J iAal 

$ ^ tf ^ J j 

LajLlsI a * ^Ls <4 nijto L$_> Ij _o-.- j i>i > II c>l jLSijVLl L^_>dL»j 

. I Til U1 iiu ,j-o (^1 4 ^ iii 


,4 ‘» /si *C II d a l .U I I j <4 i*C j -v I I 4 51 U II 4_lVd_i ■ **.1 < ■■■ ^ I' **lj I 1 (J JLa-jJl Id-A 

S# S 5 /■ 

Ladle. 1 867 jilc. Jj l.-V-l ala j. >111 Vjld-Loj La— luIj Jt-i— <a1 <LsLLJ1 ia l i- -— il j 

J 

Treatise on ^ » *Ult 4o ...loll ^jb j)-\ * > Tait cu ^ A * 

jlcLuj. > 4 qLUJI ^)t_i dijjl o-fl jJI dJj J j) 1 “■k >j natural philosophy 

^>Lo^lJb J-tOJLA-ujI < 1 847 ^Lc \ fl.H ^-ia% i \ i ^ ^lc. 

4 a ,11 IJla <iiUHI jjjlLqJI <(1894-1821) H. Von Helmholtz 

j * Jal* aJI^ <*L ,^£11 j <P-je <All^ <dL)i%JI <lol^JI (j^xt J 

illA. ^_A <Lfi£ s,\ A ^ g- j a 4 1*N iti.,o <Lo_j < J-Uk-lJI lui-A 


<4_ijLa— kJI 4-WI ^1^ xA.1 <4 jA.oLc. SjJhUa <4 I \ jli Sd-aJ 6jlj-a_JI Ci 1 la 

t 4 X 

(J-S_» dJj < S^l ^ 1 11^ * ^ ^ II \ II <j iAJq ^J l cJ jLl^JLsVI 

S-)J) (j^* j*-J *LK mi a II (jfSU -^-aia ll ( ^-4 Ljj^_^o LlS^js >ti~ 1 SjljjaJI 

^ 41. « ^ 

■ Sj— oL a - a JI s-Lij-idJI JLa-e ^jLi. 4jlS|j L^ll Ijj jl (Sjlj^aJI 4juliLj J^-c—11 ^ If. 


liLjjJl^ t ^>Lo SjljjaJ! (2 j 1 <^Lj^Ja I J-ol al_aia.ll {ya j Ji^.11 ^1^ 

<(«Sjlj^»JI)) u 1 jl> jii\ calor <-^ 1 j~* ^L 1I 4_aJill ^yo jj.'ki a |k_auVl lj-4jj caloric 

' 4 ‘ojj ^ iijLSJl J^£.» J^lj^-11 j^a.1 J-Aj 

fi 

C ' > 1 S l_a_»l (Jj <i_i iii 4 ^jjj_Ll 4laU S^>lj-a— II j»J ■ jj -aJ W l ^.L lJI 

oll£ C <1 a l-u.la II (j-»-> a. < jjl^a ^1 jl^Lkl L^lK^L Jl ^ 1 a n ' « ic. jLi» 

^00 6 * S* 

dial 1-° (4uiaL^JI J 1^4)71 6dJt JXo I^ya j~- ■■•"' dS -pK-vl ■ La_a 4 , j ,^ j /. 




<Jul j^Lfi <<(Sjlj^.)> <-aK 4 it < "l La J l mfi" ^Ic. jjljj j»L^I ijjk 

l- n JlL A L^JiL. Sjl_)^JI £jC. itii V •%.*>*» UiV <4ja_jjJI l Via. 1 oJljLa caloric 

S 

• JjIj {* '"> (j -^1 •'■ “ j* "■•> o-° ijijjj 

s* ** sS 

^ 0 £ 0 * 

^ j * ^ 11^ jiJLjJI J_Ls 1 789 ^Lc ^ 1 * II caloric 4 ^ l*s o >A H 

^u^-luLaJI^ ^_Lua-oJi^ ( 2 > -uj ^ a 11^ J) fll \ -ft 11^ ^ \ \ g-Lj. 4 j.tJI Jjl Jo ^ 4 ul ua 11^ 

^j) ■»*< <t^Jo jJj .(1814-1753) *— A <B. Thompson ^a^oL^i % 

^Lc. ^Ul ji^jn aJI ji> <1776 ^Lx. cjj-a ^ <^ < »3 < ujy A t LujLo 

* & * s t- ji 

^j^M-aj <4_j1~JjJJ Ijjjjj «_j>a-U Ijjjj (j f£. <1^ ‘LjjLiLj (jJI jiLuj <1799 

.4 n II 4jjLoj_jJI ia^j^jJal^jiaVI (_j.fi COUPlt Ijj jSj <4jjJ jl <~i*i ..a nj tja^a all j_jJ 

j_jJI J * t 1 a .i 9 j Rumford Jjj) fi -a j 4 ~i _i j a j\ ...I j^o ‘LjJLl jl " -.1 lifij 

Ci t a fj JJj . ’ ^Ola* jJ jjJ jl CijJj coa. < j 1 .t.al ft juS jVI jLa<a j_£ jJlj < ^COHCOrd 

„ * . i. , 

>_S j_Cj jjl^ (_£ jjl £-9CaJI j_j^ i_i~9~i J (jj > ■‘*‘-°->^ 3 4 caloric 

j_jj aLaJI jJ_a SjjjJ 18.77 Jo.jj :<_iVs jJLs . 4 Lmt ^Jj)~> m a j_jj 4 > If. 

jjLjl JO 7 v jkLfi j 2)I -4JU f 1 S 4 . 2 W.JJ 60 4_ijIcLjVI Sjlj^-ll .jjLi J mi l J^e aLc._j 

.jjloixJLi aLajl Id <4c.Lau 2 1/2 6 ia 4Joj-k all SjljLi 

V L^ji_J ' j'j a~ ■ “I > SjljaaJI I I 1 ^~ jj^a .tt.ll ^yjo (j) 4_)jl -k ~ J^a 4j)l aim ml Ct-'lL*^ 
LajI jjlc.1 jaII ^ (iy*3 ^ VI <Ja«Lul 1 ft,.! 1 1 1^3 i <L»lj < i,uA13 

4 * *f j, ^ 

LjljLo L^-j V j-i ^ J aJI JjJJ-o 1 ^ \ a (jJ)^ s % ^-iJI ol .ft j i i > ^ H 1 ^ 4 i 

.^jJJCoJI Ll4.?v ,o 

^ uj I <i/Lj JLkjl <-LjJa <iLuj-o ^K.ft jj-° ^ V (jl-S 

** ** ?* ^ /; 

• ifiUaJI JoLfi.^ il j_jJ I () al 4 I lja^.1 j <4 19 i9 1 II 4jjjJI I ^ "u i ilo .U. j t|a If II 

4J^U 4_i j_aJI 4 < a aVI ^ya jlu La Si ^jlj II a. ^ 4 I £_aldl L>ti ~i Cfij 

CjJI j_j-lJI cl jji-.~i.ll jjjSij jj^ a ( _y.^.l.9..a.ll jj^ <<£.1 '< i/i I I 4jjLijJI 


a1_>al (jlj^“l Lf^-jj LJS 


oil III JJUj 4ajjl^V ^klda vis (_ji£ Ol ^" l m l (3^7 

■Ia a.lj C^~* ^ 1 Afl ^.l^j ■ (5 




<1 i >1 lr> JLa_*£i pi a If La^) -^ k >1 Sjl j ^ 1 1 ^JL^JI 1 v a ft ^Jl 

« "t, if 

. d r 1 \ <>*>11 \ <JLlj^ CjL5^-C ^ 1 tjfl jlu JajLaj n>\lf. 

^j-^.1 ^jh J-lUl Ij_a ^_fl Laj^^ j^yJLll £_l_U£>l^O-jl is,! jjl 

<H ^ 

£ ...1~ II Jjj_fiJI U-&J .*Lt ml auVi O-il^t-ll pLiJI jj£ ^y-La-J-i £g n I * II *. V a" II i^jLc^Lc. 
j-AaJIj JjaljJI a>^J' LT® f-"-*-" U-° (J-S <<jl i_il_>Ix:VI V?r?j) J-^- 

^jLjLAj . ^oLjjjJL^JI J CjLlrw^JI (2)-° Sj.A.CkJ j-^J} A •% A ^ jjjjLLj J-OjJl 

^ \*ll A <j1 4-ft-L.ft.7k I ^ ^ <( j*,‘_,A<ll JjXjl-A ^jjjLiil AJlH nit li:K (jllUl 

/■ ^ # ^ 0 
^jj-flJI J^La. J i ^ ' (j >*lj.^...~>-ijil JJSj . Ij-aJj I * i Ml O-JLaJI JJ-S I ~i >1 *S i~> 1 a*S II 

(_^jJI J_a-*JI J < (( 5 jt J S| 1 1 (j I 'll ^ I a II P^^ilSLaJI)) ^J^jla-S <Jjl ~k a ^_S j, ituf £_culjJI 

^j-o J » j -k " jJ-alc. 'I -»■ <S_)lj-aJi (j-o S' l~i » .a j-> a *\ Jj_a «1 i I f. (Jj) <<*< -\ II a .> 

a 1 a 11 ^JAiJI ^j-a U ml 4 til Ip^a. d^JI li-LA 1 CjI ^Jl 

LjjJo_j 4_^_^j (j-° <4 _j! J-lj .iSUaJI ial ft j| ^> ?JLl l (JJjLloVI ^j - 0 

? * ^ ^ J ^ f 0 i 

l,.i i..ft..A Ijj a 4j^ ip-^-U-^k-A ^_Lj| tj tl"!** V .o-flj-Ll I jlIA 4_1^ cdJj <4_JL^JI 

2 s * 

<QI^ i 4_Sli=JI ini uL^.1 ^-A <jl l -^'^— 1 - u Ij-kft-o .Cxft^J-U 

J& AJ V <G!j <4 aaLoaJI (J-A J-oX. AJ V 

** "* #»**** 

J_a_*JI J3I V I Li_S JJC. J » ..i Lx->V Ci-fl jll lj«J-A Ij-A ^ A " O -0 

JJCJ jJj <oLl"V jJI ^iiiuA 1 A ^ 1 uiV) dUjJ <<SUaJ| ^A nil ^jLLa-uj 

•c5^ 5a ^j 4> o^i 

<LL» _>UI aj-A J*< « < 0-3 j jJ_A ^_3 J .A a II <_J| J J-»— > (_^jJl Jjl 

i_jV j~i . ij< jTi tLo jj_ 3 j^Jj-aJI * (1 889-1 818) J. Joule ^ j-a aS-oJI 

(jl il~ il ^j^UI iJj^ajJI villa. > IjJ .‘Ls.aJI 5£,lj_ao j^-S t J-ftA-> 

vjjJIjJ Jj^v. J-aO-^l ip) io, .11 4jl>I jjl <Gjj^3 jj-Sj .laj^Sa 1875 <JljJ cuii 

<tL<JI laiLui J51 j ^ii<JI rotating paddle wheels sJjJI . a_.^ ? ~.l l 

d- 1 j) *v i ^j.CcLfl II d*° i**1 1 '| y^LLvOul IjJ .8*3 aLaJI S^jl^-*v. ^UjjI ^jjLSj 

(J. ^* > *^j 1 f-LaJI Sjl J^k. <_a.jj J-i^J ^kj^UI J-a-«JI <jjlS-a <_Ju\Jj .Sjljja. ^1 J-ajJI 

^SojIIaJI P^y al^ a II ^j..l >a 5- 1 1-." . ,, l . jJ'7 1 (jut > jLa-iV iajllUl Sjlj^aJI a > a$ ^ ! c 







JIL. Jii .8-3 j2u£JI 

u l*C^ a II ^_al5L©J! ^Lil J 
£-flJj Js^LiaJI 

c-LaJI j_i£. »_fl >.,1 a*>I1 <.1a-C. jli_L*a 
U^J .<JjjA-aJI LjLaJl 

* 

^J| |jl llu)| t J^. \ 1 A M J*jJ| ■_ '1 -^,. -V 

l $x U S ^ylJI <aLuj-JI 
<4_kfil^o pLaJI J .<Jeaj)fl ,lu 

*^?O j lt* ^LEjVI J **1 «« » ,» c>>j 

4_>^llartH ^_>t <..-v I 5jl ^J| 


^Li Sj-xLo ^xLslI ^1 <> aj-a ^j-uLxi jj- 0 -ft > 4-^1 j—qj 11 

(jl <GLlj[ pJi <j-o j <<J-oaJ! ^ Sjl^-aJI ^j-tJ j^il^lll ^Jl <j-ua jaJ jj j^JI p-LjoJI ^aJLojJ 

^ © . 5? ^ ^ ^ ✓ 

■ t * 1 *v " »j ^ ^_>C. ■ 4 i , .1 t 6 <J jU^ ^_S ^Lijjia La_£ ^ ^.aJI 4_ \ II 

^j_a 4 q LLvI I ^ ^ J-aaJI L$_» ^jjuLS-i ^j-aJI <jLi <1**^ uj! 

i_Jft ^ ^JLia. J£i :iiUJI jjji Ida- SjoJLi^a Sdaj (J) JjaJlj .jOUle <8) JjaJI 

y ** 

<-J^J5 ctlll-fl 3 ^ J j-^ iS~*J • J-°-*-^ a-° J > M (jLuj^yi 

^a£. ^jJI ^ ^ jJI (j-® 1 00000 pl-Aj i \ ^ 00000 

^yd 4 i /\K H t*ll~ jlJ pljA_ll ^j-o ^ K» La *i-u J i*,l i Ic. J^JJlL) jiwJ <dLoA^2k 

.SLpJI lUt j^lc. i»Ui.yi ^1 iSLLJI 


<La_A Sjl^aJI j J-ojlJI J)| 6 jj-u3L*_a j j*L3 ^ jJI J-ajlJI Cx±ji 

Jt y * * $ » 

,u II iauaJI l a ^ -L^.^u 1 <01^ (<2[Li\ Jliuil jM< y. i 


i J J S > 

<Jaij ^ -oj-l ft <(N1) J^k.1^ J_i-a 5^-5 <l_» (jjt-iJI J-A-aJI (Jl) 

!» e» 

• S jiil 4 >L^jL> t'jXo La^jjL* 




- c * 

J-ojcj ^ ~ N oVVI <a a \ I m< JJail <LSLkU balance sheet < Lx-o^-aJull 

** <- # 

ij Ja-ixul A. n ^ J (<— II jL^jJI j Sjl^aJI JLojLLluL 

1 ^ " J L £jJ ' ~ I t*i , \ Q 0 cd Ijlffc-A A I ^JL*Ja ^IJI jvl m^k VI ol flt-illTfc H 


. 4. -1a a -s. \ a Cx»l^ 


ill JUiJ fU-JU J-xfl iSUaJI ^ 

perpetual <L^ljJ j^JI O .1 

.£5Ua \ ~v 1 ^ >i ^1 ( j d^l ^ lujI cx 3 ^ ^ ac. jJ jl^a. motion machine 

cJljLo 4 _ojI jJI d*Cj -v 1 1 d 1 1 ^ 1 1I CjWI (j| j»j (<Loj|j j-Uj >H~i~k a 11 iSUa (2)1 Jjui 

(jU Jja. 0±f x 2 jl 1 ^ I J 1 ~I c$J^r! 

^ ■& ^ 

CjULcjI ^J. jSl! oUljJ (Jj^> Itn iUlxll Jju iSUaJI 

Ujj^r> <Q^o 4_of>ljJI <£ ^Jl ^jc. ua til ^xLxj <L»_La» L(j ^ Lljl 


La£ ( La^-lxj (jj-S <-all (<iUall SjijdaJlj J-ajJI (jt (j-* 

ti al 1-11 J j U a I ofl il ■ a \ s. j ijfij II j ajlj~> II JaKJI a (] a II J .‘LajJ-uJl ajJacsJI d*ll j » 

JAS < * 1 » il ,(_S Uli. j LaSj) 1 a * j » a". I ^j_iJ_abJI » j a II j j U" I jKVi > J-* V 

V <jl LS -j-»-d-J f-1 Lo-fr . '» l j 1 (} a I I t'j- 4 (3-®b 

LlUl 1 I ^ ^ li^-t ^-lial ^ ,n Lk^ LaJj !J^JlJI J-J-a C-^ iti I V ^ 

.(j-kJ.,11 Lq-o JAjI <Jn -k^i-JI 6 JJ& (j-* r«Lx-o^iJI 

. 1 j. A 

^ <* ^ i ?S 

Lo (JiJ li^Uj ^^jiUa (jA^l i~i i _ Lojjx. <Ll1c.| Lo <V ^1 

- s# ~ ~ 

a U a 1 I I ‘■a al U II (Jl K .?■! ^j-a ‘N i~i I ^ j * 1*^ (J_a_*J1j ■ jlj II 2^'j — L5 _iLlu dj j_s 

^ ji _ j 

<i»jJo (J-ajlJl . jji.1 ^Jl J)- 0 iSUaJI jjill (jl~'i )jia l.n^ iK I a ^ M a a . . .1 -v II 

” ^ _ .' t m "i 

(jj riA . a JI ((JaaJI)) (Jaa Jjaxj V .^_>ai.l iSjjia SjIjaJIj fiiUoJI J^jJ 

.J_La. £_ij JiLk jl ‘Jjjia ^ LljjLl^u J^La. o- ^ - aj 




^c-lla tdTt Jl Lfl_» -ft*" ■ .. > ^jJI <L£_»jAaJI k A 11 t Lg-lt £_a^ LoLo-t 1 ^ t 4 JL>^KJL»j 

(_yl^. m\ ^a <jj~>"> fill «5jl^aJI)) (J!Lo p^jiJ LusjI V <^<jjbiJI 1 'i~'lTv i l -v a 

^_a iaUo L^jl :<5Lk!l JijJ 4JL»jJo Sjlj-aJI .jLa. 4j| p^ i<i II ljj& l_jj£Li ^1 

(j-LXj I jl 4jl 4-lJj (Jjjjiaj (jl^ LaJj .La ’p ( j_ii I ^. < s l~> a 1 iiLLa Cj,i » aJj < jJ^-o 4_lLi. 
jJLLJI i’l a i * 1 a a j_u ■*! ■ !<• c-pa^i a <Sjlj-aJLi 4 > \ ■» ~> UJ iiLoj^ a « r I . A .1 ^ lr 

5®* 

.Rio ijjJI CilXiLa-oJI . : J '0 I (JjjAjJI jJfi. ^.oIaJI (Jl 0 »~ m VI (^J[ a L.\ 1~ mall 

* <s 5# 

^ ^ 111 IjX.^Li J.A.,1 <<Lfl^jL_A 4 a L*\ P-1 a 1 * .11 jLl^-j La i til C. IK infl 

£ * •i.*' « * 

pi a 1 A II _« * La LlJLc. j . I j wJI 4 aK * II iau\ ja^j <Lfl.Vr. ^JkjJlj 

«• *1 J? ^ c 

I ji^juj <p!j* .Mill 4->^rh. pLtAiil Vj <SJjLjj <jljLo ^j)*^ il V <4 jlLII 

jL — V I Lr ic 1 i*t 1 \ * a __ iiLKU a hi” 4 fl K * ^ 1 j o *> a 4jsLK ^_A ^J_aJcJI 

. ^4_i_S S^jJ^a 6^-fl -jai5\JLi *k »r\ L *1 * j * I LXJ3 J a »” mm 

“v a p^i i 4 -aj II dlj^-pJI jj 'i'Lo J-oX, dlLj-A L)^f 

IjLA t fc i * djj-rk.A 11 Lij^) a La Jjlj iii» H 

_ .*•■■ Xai II JJLJ !J If. I <SU» oil^^ (_^jJI Iia llj fi5LU <j_a_ouj (_jjJI Jj. ? k . ft I I P^ y- i u JI 
d ~ at li i ~ • M *C Lajj^ <Lc._j-S^a Ljjj lj| 4_j| j! <^ld R ^ (QjLls jJ 9 

(J-aJiJLa .'(J-ajJI (^J^ 3 6^ P(j; I nil (_jJ| uJj ~k a II (Jjs iSUaJI C>IV' il ji! aK I I 

(jl (jjJ «Ll)Jj-o)) itjlj-aJI <-a..hxjl j-oj (jJ -J^j-il (_jj-ll ^ 10 II (jiuJj (J L i.j. 0 jU Sljl 
Jl 0 ^ (j£ I cJ ja a LI SjjLi_oJI <^UaJI (jl <<JLaJI aJ_& (jJ l-4-il -■ k - a .M-1 

.< 4 \t,-3>. dJj CjJ -Si t (^~> -w (Jij 1 j I I o a ~< m l (j *R n n I I (j — 0 (jl^ (“4^* ^ 1 => ' ■ 

* * ^ ^ ^ 

L^L IjLkS jJ^_A j-li-isj J AA II ^yd SjLiVl A A II ^J-A ( 

4jl Jjj .<ui_) fjj . =>. (jjj (jji VjJ (jiiLiu t-Lo (^jl$-ill ^"'*>^1 1 (jLi_ui 

fr -fl 

1 ,3 a ■<-i^-j i a I « 1 « a ~ 1 ■ . I Li M 1 Ij-Aj *ijij jJ iSU&JI J' * « ~ ■ Ljjj. )<oi jL^ 


o y V V Jl 

taUJI (J a~*»~ j| <5jljjaJI (jjj-S 4 •% i~li <J j) iiUa (^.4 Sjlj^JI 

Xa-jj V .^4 lAK \ a Sjl^Ji. 4_3 ojJ^ 6JjL (jJI ^4 _JLc. SjIj^. 4_a>.jJ^ SjL^. (j-o 





LT* liOaJI (_j-S *jl>^- 

*" * 

p i II -% 1 Ij *■*■•*->■ II J-1-S j-juIaJI <j j*> n. <1 <LsUa <Lai (jl^ . Jj-l-aJt JJUJ Jlftl Mlfl H 

S* 

j-i jJa <!MJLo (pLoJI (jA a j — v^JaJI j* > ^jJjc- 1 <_2LL < *t \ 1 -ml ^ jJI 

J^C ^ «n-% ^Jl g, i > o ( j-Q <3lkJ1 JJLj (S-J^ V ^' O f <*r>*t l _i-S JuLJI jAi.i j| < J ^ I*i 

# «S 

. Jjij-aJI ^ < JLSjj'il Sljl jjJh Sjlj^JLfl <Sjl__^aJI ^jia 


l_i_il ^ j « a » 1 . ^ Q ^ (j“' * » " * pi > itiVI ^_S ^j-Ia-i-j 1 \ C. e-^j^iui L _|^ *A 1 1 

(j£. J U \ \ 1 ( 1 J Ii.i-t.~ij .dlj-k.n .11 £jLa. Cjljj-ll j In 1 I I 1 >» K~i ml 

Jjijj jl (SjL.iu »‘ljn. * ^S) JJlmI n jit Jjl&j A-S-L) ^fjJI i > 1 1 j*% n 11 ^J| <LoLaj I_U*S 

1» t UL ajI jJ aII Ciljj Lxjc.Ua2-i.LiLi (jll£ .^(^_)La-i 4'y^ v*) ^ 

<Lu> j*\ lj_A .(9-3 J^JaJI^ jui^ a It &l rkTil \ iJj -wVt 

(jxia^o kli V .oljUl q V JJaJ 4-dxLi-aJI ‘LLL^.'iLaJI 

1 1 a, Q j 11 cjIj 4 4xi ji ^ v 11 5^5 ^ *S\ <cLlj i ^ya f <. >j l A. > j 4,\r. 

uuJl Cj^J La ici io-i dmL ijlj . J_aji_j ft a J aJI &<JJb Jl ^ ~ . nl 



4 ft tr»~ \ n CjIj jJ! ell J ~^. ~ I jJjjLj (J.a.A \Z <JUaJI JjLfl t^J-aX. _j '■ * 1 rtj > C .9“ 3 J^uItJi 

|fc l . ~^ , I U L cd j^n ol j jJI Jjl i, (£j J jj ^jJl ^j.« »C_ft li | j_A Jif j -4 q n 

# “ ^ 

‘tJJjjj <<j jl |_)1» .|^^H (j-lt Jiij -u-SLAJ J-O 

■<jjj (J- 1 ! 




<slkJl jVu> .10-3 J^ >uJl 

.oljlH 4^ j^. ^Uaj jHa 

|k .moJt d>l jj jj h~>j t x jIaj 
C WW) §jL>^ J_uojji.ll Ajloo-J 
Jj^- SjIj 3I4U ^J>L ^iiiiVl 


1*11 1 1 1 g xO» » ^jLuoIjj flgJLil JA 
<iUaJI Jlu ^kjLuolJI IJlAj 


iiij^J tjli fc-*v <<i-ii.*v a 11 jlallcJI 

thermal 11* ol^ill 

.motion 


J-ua ^ dl£. ^ <ult lg_> jtJhU di^)-HTt l,^ni.r>^k LaLljIjJ 


. O S 
I - 


jLli! i-Llj^oJI I (jLfl < £ j y, jja ^ Jnft > dll jaj 


CjLj_p£JVI Ijj^jjJLsj (jl£ jJj .4 >j_lC - oLj^UVI (j-° jLp - 

_fi 0 

jUlJI Ij-A Jj-q SjLflVl a II Jj-o .<-441 4 j *1 rv jVL Lat ua LaLljI^J <dl 1 xu II 

tj-Sj .6>iljj| ^ U jf* <Jd>k J>£- < J-^ 

- - ^ 

^A IdA . ^ V I ol^J-U <- A U." \ A 11 LLjj^o (J-saJI 

M — S * ^ S 

. I ^j »lUi-v rt ^_g CjI jAJJ < .oiai iA <Sj^. jt-u~> ^jUJI iflUaJI JliV.I 4j| : J-ojtJI 




J_Q ^ j k'i'l <C5^-=*-^ *J-° ^Sjlj^aJt <j-C. ‘Id u^zt L® 

— S ^ & * S ^ 

b jl Ju (j 1 ■ * I Jj^a. j V *<JLaJI fejji . Cjl j ill 4-tjjj (_j-a 4j_d l i uaj 

o' _ i . 

(j^> VJjj (j^-l .ujl (jjj a 1 1 (JjlS pj^. V J <<£j^JI Lafri^a i jj'ift 

j ill .<<-i V cjj-lujj <5UoJI (jlj <iilJj 

1 1 ) nil mi l (LAjjJj t l^..<l^xa. aLaJjL) j A j (j ~~ La!jj I WCJ all Cjljjtil 

JlrH ^1 4 cLU II (JUalJ ^a * jl iSLLxll JLiljl j)Ls <ljLual_^.l^ . L^_»l j_x^ 

# 

. 1 ^ "1 A djljdil folj itlC. SjdX 

thermal L^L j a oljj 1 1 < < cl.<, J l ^jjIjIaVI 4_^j__^_JI ^ o m \ 

j j ^ 

<llJI LiJ jj) i V .5J5tJoJl JUljl : ij) L m! <j| .motion 

^ ^ O' * S’ s OS -* 

(jl J^iJJ 4_aj jLa <tiijia dJj (jl dLlj I I a fl fl IjJ VI < ((J 2 1~> Sjlj^JI)) (jl J^aJI 



^ULs SjIj^JI jLitl (J-tAflVI j-a ( <jjJLaJI • j 'l iinlLt jl Sjlj^S iSUJI 

lj_A Jjl f C-^y t u II Ij^A ^J_i-oJ V 4-jaLLs Q. in tJ 6jlj ‘%-U .Loi.tiJ V 

Ci-t.g.J 6 jl^>A II .^ia£i <G-ol^ iSlLaj 4_i^^x iiUa dlLxA^ JLaJuLujVI ^Sl > < ii Q IU i^flll 

* *L - 

^Jl SjLujVJ 4-hjV-g <JL»jJa VI c-^-it.i II lj_A Jti a I V .4-Jjlj-^ i2Ua 

. (9) thermal motion ^Jj^JI ^LfJI <5U= 

j-° .SjLiA^aJI Jjia-j Lf -i A— J-J j-j 1 SjljjaJlj J-haJI j-»-> <_£jjJI Jj-S-U jL^ 

1, _ 

^-ul^-ulc 4_U \ -^v 1 1 1^*1 II 4 at 1-. It ^ t a a *£jl j -v-*C 4 at _U II ~ <<<l ^jt*\^ \ <J aJI 

^ ^ ^ 

* * ^V1 .LA^)La*-»l ^-Lc icj-caj l^ji^ j-mi > II c-LoJ-i (jl^9 luLA .<La^J 

0 0 0 * 

.<L» JJ-O <Lijj <Sjja. jjli jl i_u-%-t <LflLlaJI jV <(J-aX: JS it> ^jlc. iflUs j>rlj %" m l Ij - i iS 

jjj |> lr-> ~> nil *_> jl ,X,^I I jjk jLalM CiljyJ-0-^j ilia j-^-f <CjLjtjJJ»JI j 4 u t^'i LflMlj 
jLaJlVj j-alUl jjUl Jj-1^* M (f J J *-* jPG-^*- 0 c#-® ' At ) fcb ^ ~ 

.^1 1-3 JS itill^ Cjl i > jLuaSl II pljaJ (J-S jjjfl pLiAs ja> J-i V jlS t< i J Uil l 


jS a ) >_fl_iSj i-» <<-*>11 l..g. "il£a ^yS Sjlj^JI ^.i Aj jjLaa i_SjS jVI (£jj jl I ViSa ij 
I (j II alii j*\ a 1 ijsLlaJI jl dlljjl jjJI 111 j> jl lj^_> u \ * j j . 4 a l Ul l !-» j -\ ~i~ jl 1 !->. 

(’LuallijJI (JLa_o MS ^^3 U a -s. *»~ <5lU|| j| ^l~ii*i oiVL 111 n <n i <(J aC jS 5 jl j-^-S 

jjisUaJI jjj JjLlLoJI <J j - k~ llj Sjj-ilaJI ^1 (dynamics 

^ - * 

JjliLaJI Jj ^ ~ ll s _j-4j .thermodynamics <*i < «! ~> <.\j II JLa_a I <a >1j <*g_oISJIj 

i , i # 

‘Ci'J <4-ljjSJI 4 ' ■■■! *>■ "'I jjj <J IjljlaJI M-LqjJI < j-*- * < <l£UaJI . J-<udlj Sjl_^aJI jja 

# ? * s 

1-^ a \ tfiLLJI jLfl I jJ . 4 \ jj\ 4 t ^ a Lot <_5LLJ| 4 > 0 iS j 1 ^ ^ Lo 

jl jS ftj V <GV < j_jSJI ^^-4 <1 ~«S a a II iilj^xVI t _ # -Lc. (jAjj.fl.aJI ' fl II j^ 

jl Ju V • jjSJI ^fl iflUoJJ d .11 a--.VI < 1X.S.II , JJJLJ <la — ~ ' » .‘•i I -V > (J-J a- I 


4-SUo ( <_ijl^k. ^iUa ( t r t-. U. 0 _ pLa-MjVI ^ A A y £)1_J jljJVt .^-ti*> 1 L A -V " ^ Lit ( 9 ) 

■ l^IiAjbSj J ■ d L.1 Jjt jjj^J . pLa.uiV 1 SjL*i«yj <aj!^Lo jia ■<■ Cl 44ifll - 4 -aj1 ia i*\ 






Ij-* .1 1 -3 


o— 0 

6 J .a 3> A II 6^ g O** * 1 ' 

4-SLkJl £l 

Sj-iiJi <jl .J_^ Lr lc. 


6j^-> <5LUJ) ^~>-i III ^ic 

Vj-^ c i l j j— U..II 


J-^-i ^ t C - L^a^iLkJu-uil 
uJ **^ 1^^ Jft > o >L£ 

U-° 'j.» ' “> ^-9 

* i A 1 1 


J-S 4 ^ a Vi. 11 6J-A 


III 1*1-0 I j J_£ l.iAj 4-Lil Jjl_» U^to^f l 4iJn 4 c LLJ I U.1 a -v 1 V jXuia^u 1 jl 

-• 0 « * 

(J-^- a^' x ~* - - ‘ <( -^t , J <jk ]L» 'I jLk 4 * 1 a <* ■'*><•- 4-fllk II (j-o jljl < » 1 ljL~< t> a 

.j AjJJ . ■ ...!'■/' <j| <<j J jj_i. V ‘Laic (£jJI ‘ <111 jj 1 Laj VI S*i I pjflj Jjl ^gj A > 11 


jlaia ^,1^ Lajj Jjj-Lu$!_aj j^> L^J CgUI JIJ-mJI £jl 

Ij-A ^jl l L ajj :<UI pL^-uJ 1 .uiLi-fl^o I J-A ^jV iSLLJl 

X gj ^ *> £ 

<5-L!l ^_>$J (_y ' »J "i Ij-A 0-0 _>J-5 (jj? (jV <<Vu ^ (2)1$ jljJLaJI 

2)1$ J-Ls <‘t_la_La_La iiUaJI 0-jl$ LaJj -(j-^-ll (J-$-i (_yl \ J J iSj _)-J-C jta_aJj Ijjkj 
-,.J-A j ^gjjl J-4 jl iS-cJI I j_A 2)j$J-uxS <(jS/l Sj jji . J A )| 4 al U. 11 jl ' a A i i a" Ljj^jAiaj 

^ ft 

^jA ij^-aII S ^Vl 5 j ^- oJI 4 ol ,U H jI^La ^_a Lq.a Ijl£a^ . ual aJLxJJ 

-4_aKII <5UaJl jlji-0 ^*1 1 <Laj Jjl -Uj .L_ijXJ V LjjI 


US <<jjM fla II LIHLaL^jIj <,4.i 4ua1I LlaI^I ^Jx. ujJjLlj ^jl I \ Ac. 




:4jLLJI (j-a tt5t A i.a.*l ^_4 liLi V ■ t II » II ^-S Lajlj < jj, \ -t j jjl c_i ^ ij 

<jL*_aJ (J-Lc- J > <a-il d-^L)-^^- 1 j-l^AjJl d 1 .1 t*. <dJj_> clc-Lj-S^j 

dL’i^ i ‘A a iS-v It .iSUoJI d-° JjLa jjii Jjj-a dd^ (jl g-jjj-uijJ t^j ~y t II 

<JjL»_o (9 (J a H J i **~i 4" 11 » (_g j \ m La^ 4 l~*s II d^ d n II aljj La-a ja^j 

2 _a^. I \ i U |j|j .(E=mc 2 ^V) 5ilklJ J£_d l/l< SalaJli IjJ ,£sLkll 

2 ' * * J* * £ 

jkj d-°J i<L1jLa 4_ilS[ 4_laS> ,laA LiiLs oJI d^-^ C>ljta_a t_ f-2 l)-^ 

'Os * ~ * * 

^ . k f . 1 ^ (jl >— t "v-k <£l \ ^ II 1 I * II ^-5 1_Lj1 i \ k k .4 lAl.A 4 -lK 4-3LU 

J, ,^-\ \c. i^yU ^isQUI < )jL^jJI J-A iiiUaJI ^Jl k fll 4 A t j-2kl f- { j-LU 4-0 J . 

,/.M p ~ II |j_a Jjj| La-KJ lj_! ,6 ^LlJI f L^VI <iLL J-Ua v jL=^JI .SjLaJt 

-1 0 

ujLaaJI <Lslia I _1 111 V 1 ^1 ^y-A djj ^y-fl J '*S 4" 1 1 JjjljJoJI ^.laJ .<LsU-JI C'-A . 4rv't l 
■ ^ 0) <''t.i5Lll <_iLLaJ1 (jALLLjl jljjl «. ij l ^ * I I jljjl Lalii IjJ <4aJLau A a_>5 ^ 1al*~,~ II 


,j_S p J ^ ■ I I d-n 4 -ilaLjl!l Cil _>jlil 1 ^ 1 a-v . a 1 .A 1 1 a-l'm 4 i^j-Ldl Lfral j .ml i_i 1 11 1 1 j 

{* ^ 

1 j a -L±i t * 4 .k 1 ^ I 4 k KJI 1 \\ ^Ua uiS.j ol^) dCk.il ^ a. II 


1 k \*\ a > SdLlj 4 k-tti. > Lo (J ,,*, ft > iJ-Aj SlIK 4_flLLoJI 6*i-A ^..i..fl.l J-A 

- -I « - a *-' 1 * 1 

j x^i^-ajl l ,\-A a J -la -1 Jjja 4 . 1 1 1 <Lt-il i<-i 11 4 iKJI ^iLlaJI ^y-Lc. a *s -- H 

a I (j '“VI ^ 1 1 ■ ■ < Jl ^ I al Jl _>jljJI JjLi IjLi .(8 J a II ^3 ...i jl J 1 a~ . ^jjJa-a 
< JJ a~i II JJaLij ' j ..tt, 1 -lu jJUll J-aVI (J. 1 4.7 i_lila II jjLs t<.l.~i5k..l.J ^jL^-iVI 

a^ 1 S.\4 4 i,au,i Ij-Aj .icLuJI j^LiS 4 — luAj |> II » II jl ^ v ' l_p^alj (^x&xi Li 

j-A dJj JJUi diJ-a-j La ^1 j[ <4. jA.4A.ta Ja. 4-i^j^ 4 a l L i pl^JI ^_s ^^JLc-VI j 

J^-Luiall dJjj .(12-3 JijiJI) .jAjVI ^1 . 5lAjVI UlU\ ol 

JjIA Ijl A . -I ~. J a~ a J If 4a1 -i_ll jja J-. 1 ^ylt ^ )U i <_)^jJI JjLlJI 

t-iji 4 1 jit.1 I j-A j .juVI (_yJ[ tj<i dM *' 4 >* A ^JLslilJI i_ijl -t j II 

illioJI 1 '*>.■■■ d-* Cl jLsVLl I 4 J P Ajil~l 4-l^J^JI 4SLLJI d-° (_y ' f VI (J-II 

/ 5 s # 

II ^11 10 33 x 5.3 - jim All ^j-kj t_i <JSUo ^1 (10) 

.< a jji 1 A L^acuAj <JL2 uJI cul^ ^.~Lv Jjjl JLoa^U 4 JLL 2 Ct m-J 4 kKII 4 iISIaIII <l«l^.ll <iLLJI 




I 





^ U j.ii ^Vl ^1 5 t-Jjii Lajic iJjXJ Lo ^J1 6^JI ^j-a CjIjLlu-gJ) . 12-3 jsjji 

(j-H tj 4 -* ‘(Lfj 5 L«! itj-m (j-» (j-ljl L 1 - . 1 111 1 L»Ll^aj Ijlj .^jVt 

LjiS jjljjj i<jL^;^UI Lf J[ ^ '.Li <£^u. ^ic.Lj^ > \ LaI \ s . u Ijlj .<^15 

I U > ts\ 1 L I <£jj 4U l^.fl .va't 1 A.\\g .*v v-v. > Lo LJ J[ JaiLeJ! j\ m i a JI ja-Jtuj .<jL^j^U! I^JjIaI £_a 

i / * _ , 

ia^JI ^-A Ui.lrt.ll UAJl .<LiL$_j^U| ^-q L^-jI^xbI £-o JjjC. t $ *t5j <cJjgji l^jl 

<JUiJI Cul£ IjLi .JSi^ ^j^SLtl ^Jx. £,jS>.$ II 6 j-A ^_lU-lj ^jUJI .U^JI j -o J - > llj o^Layi 

J « ' 

<Jj-o) J iil mrtH ^ La cJj <(oj£JI ^ SjLJI ^ jai J>».j < r \ *^ 44 j ) 

^.k*i^> J j -w j ^ JX. uxuijj l,v iA aJUUI CjjI£ lj[j . ^4 -xjLj OjLcj ^Jx.VI CuBJJ 

.(Ij-J olUj (jr Lc.VI oiji iJj-q) I jJ Jjijpj-Mj (jajIxLo JjLi SjLJI 

(Jxq) LoLqj £ <1 j-»1 jj <^ j5J! (jli (^L (j jl^jj jj-fl ^ ^LkJI <JUUI cJl^ Ijlj 

.(oNiyi >«ij Cxi JJ Sj£ 


i!L». p-LSjJI ^ intergallactic ^1^*% a II p-L^aJI ^Jl 4 -^.^lIIj 

j ^ ^ ✓ ** *, . 

.a >« ■" uU jkj jL^ji’U : I *J*^ A a M >a~ ...A I j_ 4 i ( JJa L > .j -iilfijUl I 4 JI jlsl J _0 


yU < 1 — oLaJj (J^-l-l^l— m Tl A <iUJI ^-jl A iVl^ ^ > I III II ^jl ^1 j ...VI I j|j 

< 1 J aj VC ^_o t U .t a t U it Q I I<-|J <L*_uj^j il J-il I I«-Ij 1 « .*‘ J~ 1 ' .' (jij^-ll 


^ nijlJI ^-^.jL~i i <GL jV 11 J». II jj-S j i*\ a~ II J ij. 1 II J ■ a~ ... a II . .Vo tf I *» ‘•‘C n i j 

j a ■ I' Cj^LtVI 1 111 ^pLcVI J -fc » r^-oj 4 t iti 1 ijjbj ._jl ,Vlj j a* . .. « II 




I j ■ ^ ^ 4 t Kj -V II <il_U.ll ^J-A ^ Kj Lc L$J t ^a_J ^j-oj (LoLaj 

Ji-o .^^^LlII u-is^jJl ^Jl olULlj ji < 4_>I_$J>^UI ^j-a L^_)lji_fll 

x . \ \ m * I ^ n ^ 1 1 l^ j[ U> t ^ . 4 C < 4 ^ ^ I I 1 t cl U C 1 4 -*%. * .a . **» .nil S 1 1 < v \ A 

^j-oj <<_»j_flL-ua <-1 nl ^ II 1 j * cl -U (jLfl <L$JL1 LLj Jjl U > Lh^ 

^ p ^ *» •»*'*'' j 1 

6 ^JJL1«Q I •*<! t 1 ^ 1 ^| * C * 4 U C '■v. Va 4 c l U I I ‘ _ I t 111 -4 C . >*s < t 1^ II I ^ \ cl U» c 

jj-a \j a Cijl^ I O *■! Jj V S j£ll <LiK]I iiLLJI jLi . <1_i_olfUI J 4_i^jadl Jj »~ al U II ^ya 

It * a* «* fcp s '!' s 9 * % 

(_yJ.ll <i-aia_aj| <jjl_L«2>yi LjljjjlllL U. 6 jJLa_o J^al^C 6jJb .e-J-iJI 

4^i K II 4JaLU.il jJ-lj IjJh <^8 J-u^ftll j-UjI) 4jl_uj j 3 J^Lk. ^jl n i l 

t - $ 'i ' , 

^_fi-t-oJJ <J jL^c ji.3 <4 ..<.lAaJI t> Cr 5 '^' <_*-* ^ uj^ 

jjc. Jjja fj 4 JJI tjL^J jJjj 4jld <JLaJI J-A lj-4 jjl (jjJJ Idj ■ JaJ-lAjLj 

tM 

. J al U II (j-a ^yiSLi Laj <2J-s. 

^ ^ jl £ 

Jj s _^JI <JaLUJl ^j-o ^jjli-o <Loj ^L> JL.A^.11 ^LlUjVI 1 »t» \ 

^jl^-^Jl ^JLlI j SjLqJL^^ j_^Ij m 1 iiLUJJ 4_i_j^_iJl oUMjJI (£j~* Li^l 

<iSl_UJ| ^jjlajJI I j_A .(JiLilll) ^jU.Vl 1 ^ ll*\ iii L> <5LUlt ^Jj&I ^h*i\ 1 wCl 

.ujU^.)U 1 *L<JI 4 1 ol V> jJl ^L&J ^jJI < 4 1 K, 11 4 c l U 1 1 ^ 

j ** ' S5 

c Lal j 1 i.i (^j-ll u J-jlaJI j <<LiLlaJI Ul a^. . y J ^ I <^k. j S ■ 1 a . 4iLa 

(_>o j-5j II j d > *>l *C t-a lli .Cjla-l\ < >‘> ..J < CjI frLi^LauV ! LoLaj (_JL^. 

>*lj il ^ 1 o 1 1 S jJ&l 4_ujJLll ulilfrl Aa.Ls .JjjljJaJI Jj_a JJ_*_i I ~l 111 4‘iL) l aft 4~i 

d-L> 6 a 4 ^ » a I j 1 ^ j ^ ■ J " > ifiLLJI (jl j_A ( / J '^* Jl^ ^JLil^^JI 

1 S 1 l a j .J-jVI t jJ\ 1 ^ * »Aj fLiaJI iSUoJI L^-i-S iaifi iJL^JI 

# j ^ ^ yi j 

<6 JJ.TV /V 4iUo <>H^ ^ V i(Jl^j^JI ^LJ^dUJ 4 J ^JJI <|X UtiA^k lli /^-Vil 11 dujKxxJJ 

. a V Lrs — a tajJ <jj£JI <L2Uo q ‘i 0 T 1 Jjl (j^-a_l V <(j-aJjJI ^jaa J-aVI ^ j » . -—a .“i l U-w I 
C)VI P-Liiijl (jlfLaVLa Jjia Lajjj .Sjjj .A ILi <lri 4.rt.li-a Q.j,<i.i. 1 a ~ al U ^Li jvj (j-°J 

!dJj Jjli I J ' ■ --- a |jjs| jaXj <LajljJI 4*\ j 1 1 


.4 ih*\ CjjL^ U p tn^ . I j 1 n a * ^ 1 1 u^j^l c.^iV^ jjj (1 1) 








a II &J-A .LjU.ll! a II CjlaJL*_fl ^jVi 41 j ^Jl 

1 lS*t ill ^ ^jlll ^jcLxI^VI Ptw-txJlj \1 ^ U ,^S\ Jlkj c > , , i j iicl_Lo^JI 

✓ ^ _ * s 

(_j~a V*Ju 4 \j J a II ^<- flUajJI Vtlj Sjljili JUi L^-»l .(1-4 

j) ^ • Jf ^ 

^^J-ll j-o~> .lA II CiVVl <ji_y^J (jl (j^ n i i i '*S .<iLi jJIj j fl-y II (jj VjJ 
ilia-VI <X.j n y I 1 *' .n (j i t <J5jLc j-oJI _)_vi_uaJI j rc - ltv jA.I1 j j_ijVI J (J-i-LnaJI 

i 

<JUJI liA d>l ft-i.u ^h° 4 -<.u JA,.u1L> J <1 mI \f.L J <Llj ici^A.Th.A ^aJI <JLxSjJI 



^JLxil ^IJI cjU=»Li_Jl <j£J <1 U \ l£j M-l£j <^>LL_J! iiJjjx a II jj_lj a 5 .1 -4 JiJuJI 

^_fl LaI^zw a il^VI ^ jn*JI J-lc. <jl (J >«~iflll I.XA > -* “ J •S^i. A^a . a 

• <L*jl^« jjLc JuQ 1 aQ K lj^.^Lk. j llLxlj JjLi <4 jjI jjz 4-fl-t j-U-i |>Jlx]l 

^ o 

■ J-ij'y’ill Jjljp-oJI 4 -y l ft Til (j£. ^-1* H (jl > 8j*S (_Jjj Liljj 

* 

' i.v-y II '• (SJ t ‘ II ' ij ^-~ ^J1 J ■->■»*» I ttjLi J> i I ■ A il |j_A Jii’i . . . I \ A J 

I jl <jll lift-i ^'n i .4_L£ jjJujJI &j .>*««! (Jj*i a*> j_j-l-t (J-c^a^-i LijLfi <<Oh ^£-0 jj-o 

<la >a-i~ ,~.V i ,^a~ 1 \ 1 A I -w " j .i^-. a II <jJls j t^gjl -y-i.ll dJj -y a II ^lc Lij i^y~al 

Cjj-us y mi II j O-ijJI ol__>JaJ <(J^lj| hi II 1 frj-o i_ij -mi~~ ^jJLlI ^LVI ,jU-JI _ 

^Jl (J 1 *i jL i — 4_J ^LJI jxqLulJI r^JLxJI ^ ^ <A.1I <CjLa_5juLli ^ Cj\ II 







* a - 

(j-0 ill ) J g » <j»_L*JI L'*S ii .i)lj^a.VI ^ A -v 4 1 -m J lit ^-Lc. 'l i *■ J d a A 

4 * ' *J ^- ~* I' £"jjJI (jii 9 ~i ^^-Lc a t < 4_a_JaJlJI LAjLSLsIj <l_Aj-Ajja. 4_a_ijLaJI 

jj-lxj ilia, a Uilcja.1 (^J^p (jl . 4jLtxU II (j-o j^-l <jl£a 

g ^ 

< \~\)r\ juu}\ ^LiALflVI <^cl— uj JJ .jJUU Ulc l^A-Iil * S v> Lljl 

LjjJaj lj| <j1 Jjj «U Ua. JJ jl I iaJqLc a j i*i a Ci i < i \ 1 ill J^aVI jjl ^'n i V Ij-Aj 

(J .^a II I xft ^.a ^jVi mj . ‘tlA.I j ^jJI ^ l-» in H 3 j' i *i liiLi < jJ lx . ^ *>_> a * 

II aC4b lCa- aJi ^jLa_JI d_^a-dl li 1 ■**>!. kV I ,.\ 1-^. ^L, jj mtll illjlj 


^J-S (olj ij~i II £- i A-aJ ij.i.iaj ajj_i^a ^ -l n X.1 (j;jLa_JI dj^ a - A I I ^jLj dljjVI jjj 

<_£jA.I 4 K M, A aj-Aj .^j j.it i A I I <jpLll Jj^ljj <^-S 4j_$jj j_Lj <j-ii£. j-ujljJI (j_>UI 

<j_ua*JI dJj JLJ1 LaJj tfejjXLl jjaC. <J ^jJl tdL^Lljj j-o ^2JL ^Jjuu 

V \ r\ tl pLIxLujL) t*l \a\\ iJ^gjILlI <j1 La_»j 

0 0 ^ ^ 

Jill aH ciL-oLljJ ij_o ^iJI jaJLaJJ ^uLJI 6 JlJ-Ioj A-S^Lc. tjlaj 

<Sj ual.t.A pLipaj d v-al *> i J^-opill ji . .. a~ Ljjjl Ijlj <CoJjaJI ■> . Ha, II j ii i l ^-S I a iat. 

■ 4,i a!»II jth « a ^1 J 4r-i~i <GL. » i t i j jjl liiLfl 


ij Mif. ujIaJI jt_>_)Lj 4 ^_>j aLu j PI ■ ■ j jj '() i.^ll 4_ijpj 

(_$jLlu _ «L*_JjVI (■}! J-A .(j 1 I ~^I^JI S-l A I a II !^ya Jj A r I (g U ill ^j_Lt J ft.l-1 1 I 

i— i-Jjjj a_l_S> W. Thomson (jj lu_a^Jo ^1 i_lj <S. Csrnot 

oLaL^lu! lj_aai _ L. Boltzmann cLiijj-l <R. Clausius 

bj^Li jj_>J i- it a V i.x u .^jl -a - t l l dj ~k a I I ( j-l[ J-L^piJI ^ic. CjC£.l_m a 

La$ ciljj <(_PijjlJI \x& i_i.Lt jj-s (jA*\ i La ^y&j < 4 a >l-i» II antropy « Lu jpijy I » 
. jj. V-v l jiaj 4 (j •y j (j-o j». j4_a_oJI I ' A <UaJL*_a l )aSj <s-LoJ» II c-V pS al j 


d^Lj-aV Ipoj (J*i.A i (I; jL->. i II d j a II (jl^ <j iiiJ. ^ ml ~ II ^jj^JI JjIjI 

^ 0 0 *> 

1 i i*\ I < j.> i 1 IJ La.jj^aj 1 i A il 4_j| (3^^ iCi-tj ^j_S (_g j i juj <ajjtiJ! 


jj-S <jjlA_dl 1 y 7<l*\j.~> o ,~.j ^jJI <1 j-1 l^jl (jl 4_j <1 1- >~j ft II SjjjJI '~if M»la 
liUj (J^ ^LUjl^ CjjjX. j <^a.LL<JI 4 ' II » 8 (jo Ojljj <L^aAjX.j J^LJI Jjio 

Ci^l J (j ‘ ‘ i " j jx. j ijjlAjJI olj.UI 8 II JLaaJa-ujI £^j_u j j <jl ao"i aVI (jIiL*_i[ (_£ Jl 

J a J, 

j-nm v i 4 jjLLjJI ol£j ~v n II *j-4 OaK .pljAtVI ( _y^ c - Slj^Jlj ‘J^I-S'iJIj <^LjjVI (JjLj 

✓ '"’ iM y * ' * -fi 

dJj JJLJ ^ J_A_$ Ul f ^ 4 > r 1 A ^ -v V 1 < ,LJ aJI dlLlib 

Si . ^ 

(J1 i a II j-ix. viLlj i_jjIjS j \ i . i ■ ~t j_aJI (jjAX. <~i \1 *n .(jLojJI (jo a j -> ' jl jLLi 
Lf lc ^ ^ "i joJi i. ' ' aala j i K iV I 1 1 a" (jc jj jo.Lc I.Ajj ^u " 1 > ' « H j^-j) 

4 ' II » a jjjjij jjfc jj 1 1 .J *i (j n II 4_J| i ajfl .1 Lo (jl^ -<£j -3aaJI ^ -\ a.II (J j u-\ ft. II 

(J_4 <(_£jj -J-®! f' ^- 8-1 ji$1 |J-a-C. (_J-1-C. Jj- i . cv:a .]I 4— J . X t <(jJjLA_iJI cllj.. r-> ft I I 

JLioAJI jt^ Jjfc Sfrl j (] II Jl A»~ . ..1 £jl^ 4j] ^,1 <dLljJ 4-li.mj JoAal f-LaJI (jl.ft»"i nil 

JLoaIauI (j jj-m'l jiJI jjJlLoo J-A SS jIjoJI (jx IjLoj ? (jALLjoJl ,jo JoAil JUJI 
? ^ t j J - *"*1 - n£ - 1_>JI (ju» p iljjJI >£VI jjl •%.">! ^lil^lJI ^ lac. 

)_1 -•» -a " C.I 1 1 *\ ~ II Si.' uL*i a II ^ J-i-iJI j_aX. j_Ia_uj Ig-^g. iA (jl j_A Lo 

(JjJal .1796 j^Lc yj)\£ ^jLA 1 j. a.tvI jJj j a I .4 a >1 »» II 4 JJi. jo ^ I 

4_o_ujL 1 q aI « /> ■ ..j J j ' I a L 4 I i a iLJj “ i l-^-. yi ^ylc. >ao II 4_i^j| | ««I^_L^I» 

Lo^Jl I jl % o l( j AJ.JI ^j-lA_us LaLo jl SLi^aJI I o g J I_ lA.'vi jJ - ((^jl_uj» 

^ji ^.1 i4_i^j^i y> Jj SXo (jlilx. L — 11 ^jLioj a La il > 1^ uA il i" i A a > 4_JLJI 

4jLaa. (jl j-oj .Ojjt. (jj> (jjj jLUl J 4_ujj!_iaJI ^ Jjj LJ j (Jja. JJ I jaJjSJL i_ t_ > i ^i l 
4 i ol < j jL 4_s_ijl (jXi J a" ^ySJIj <1 j -.tiLc. (jAJI Sj-oJI Ci >1 *C j a a <5j o >1 *\ 

- * I « 1 1 1 fl aaS ^yjj! 4 jljI jJI oLal ^ ,j,y I 4 a.u'i 4 a m l i \ 1 1 -~w*i I 

jJh J-A Sj^ (j^J <(j^jl L * II t*lj -v a lj 4 ft ^ a ^y-fl LujLujI I \ Irft L ft j_ijl£ (jl£ 

f. j_tu (j_S ^y~t ~k Cjj ^Jb L^JiI 4aajJ ^yJI 4-Jlc cLI^ 4 o (j a (_J jJI jlA-jJI dljA ft II 

4j1 £-* <6 jLLiV ^yLuaaVI 4x.j_ad ,_yi J3VI ^y-L-) jjjLS (jol aiJ . ^1. dUiLm V I <A|J 

LkLlLLa „,llj <till jjl SjoLuj oL>L ^All SjJAiJI L ,ai ( : jjA.V oa j ajl£Lal jac. 

<SjjL ,_yJI jLi. ^j j j,. , . ft <y Jsjlu ^jLo SjIjoJI jl u^ij <3 J a^aI I ^ 

jLic.1 Ofl J . fLaJI (ja.A'u jaC. 1 jiJI jjJj 1. ft Lio <Kjft ft jaJj <4 1 1 ft * Jl ajji J^La. j 




S' ss> 

sLa-aLa ^^1 j ^ II ' ' ' ' *^l — ■"* ° i^JI t*l 1.\ 5 iJ. i -i H jl K c \1 I 1 ~d s ^ I ■ A > 1 _ 

J, si 

Ij-A plj-i j . 4x jJLJI ^ ,i \ a Jl (jji I (j tl.j m il JVja. j-oJj V J JlJjj V 

tiJj-a_a <jJLxi ,j1 t-AjLia 4 I ft l\jn 4 i~i ’> ^jjl\ (ja j*S n~ til *> II £ jj-«‘ill 

VI j * « ~~ V - ...spLoJIj o-ijJI • >j snjj dLC^VI jLjT (J-iLaJlj — ^JULo ^ jL~». > 

U» loil (j_a l Jfi (jc. J 4" / <i a Ij-ft J iSjjLJI 4 jC. ^jJLaJIj jLaJI ^ iA - a .ll Sjl^a. oLcwjJj 
jjjs IjLa. ...all jj^ » (jl (iilljLi l _j-l £ -l jla_jV-S ^ , 4±oUJI SjLaJlj 

LT® Vj lj-ft .(jL^-aVI jdB SjjL SjjLJI 4 x.jJLJI j)! ‘ jL^-aVl 

.£^j-o^jJI Ijg.i is^Lc sLauuta. (_£j^.VI dil ^ i u- a JI 

C' „ J < 

4 fl * A >11 J ^j.i , ' -v LI a a II — a II ~ M"~< II ,s \ S\ (j) (j^.tla-1 jiLiVI t*L 1 1 j i iii ' I (j a (jlS 

^ s’ 10 

jllU 4?£j-a all J jjjJI O^LaG jlj^ii.i j-iijjaJI s_jLl$ (jLi (ja_j (4 4 !-■> sh 

Jt i> q ^ 

<jjLj < Lojjzc. ] jL> jJ Reflections sur la puissance motrice du feu (1824) 
4 AaJoJL II 4 *. ig jJI L J.lAJU .LoLclJ ^_ y-L 1 1 i^jt-l-ixLjJI 1.1 aLlC 

41907-1 824) ^jj ) iti n3^j^ 4_.tl*i5C CiJL-uaj jc-jjLlII j-^-c 

</*> ^ II ^_a ll^lj La 5\^ .^>- ^ 1 ^ ^ w ) s 3l . lS ^)1— <^ q 

a . a.1 ^_s < J . Joule (J ^ ^ * A 4 $!jLuuj jju\ < 1 _lLL1I lj_A 

JL <1 jIi! ^>-a V ^ i ^ i I ^ 4-an^g-i Sjl^aJI <C3lOfic th60ry a I— o— oul-oJI 4_ijl^aJI 

1 4 U. a \ a <6jlj^JI 1 1 j siiUaJI Jjl jJI j <«->! » a .11 ^JLaJI J-aa .jj jjj .4 all~.ll 

.(jAaj ^jJI I iAaj t^-aj siSUaJJ U a La^ijil <Jja»Jlj SjljjaJI (jtj 

JLa_aJI jt_aiafil <dlj a a C3lOfiC ^(_jjlj^iJI ^jLoJI^ liLij^Jlill Jj-SiiJ i a (jl 
jL^-a. (jjjjJ 4 ini'i .'I j ^ .I ‘ a al U 1 1 jlf^ ^ 4 J*> II Ijjk (jl a , . jq a n ^J| 

fi 

4 t a 1 1 1 j La (J^ Ijaa Ij-ft (J-la-i J -J-a^. ^yJI Sjlj^aJI (ja 4J5Lla.ll <dl_La (jAaj (J >j-p~»l 
S(J-aX. (jJI 5jl^)-aJI (J-A^- a -jJ dll j t g a ~ (_j-*J sh63t 6ngin©S 4_ijl^aJI C>L£j~w.a II 
diL^j -a a J <4j Lilli -.1 ^ n II J (4-ijLkjJl . ~il a \ I llj <4 .jl 1 . II . ~.l*Sj -p ^ II -,. ,A~i j 

.(^HIjJI (jljla-VI 


(Thot SjljdkJI (J-aJLi - j.V Sjl_)-3fc ^Jl jj^JuaJI (JaxJI <i iiij _ M J -v -ft <jJljti (2) 

•Thot / Tcold “1 ^LIaj IJ^J\ (^Uj ij^a. <T CO |dJ 




II j >IL»4 i n~ A VI ( jlc. j^jJI (jjjLcuJt . .1 15C jjjJ 

(>- ^yJI jjjLS <jl£j £^Lla_> jjjl^ J-a-c jx^aijj <<jjLL_JI 

^ ^ ^ ^ ** # •** 

<iUl j».jl— ia L-^sLj Lj I m! i.*l I hi i f-J j ‘ 1~ ■ ... » H . .1 ... -^ II ■% Ir JLajLLtuI ^j^Jo 

.<2lj^ i >j) I «»iU a^lidl jaaAaJJ 

* 

£jLL-J ^ a A ^Jl5 a >., fl 5 *i Lla! ^j) 1 \ <\ j <^j-fl 1£ a ! ni l 

^1 LlL-taja Lo_»j al j ^ -a 1 1 £j j- 4 jj ij ^laJLlI . j Mif. ujtaJl 

<aV 4 i ml inVI <u£j_JI ^-A <dalj)U ml ( ^_fl ^*‘ jl^-ci M ^ l_AjLa_a 4 ^ la > 

J-a£. ^Jl jxa (j-o j ^Jl l g Vo 1 <\.i,M,a J^^a ^ iSUoJI J*a3 Jaa ^ j (_^aJI jl ^ ^ 11 

^_a reservoir aj> 1 u<a II $ ^r\ 1 A l-m \ Loa^ <(£j^ ^J&a^JLaj .^2-4 ^ti 11^ 

„ * ' 0^ * » i. f. i. * 

Q 1^ Jaa .^J-ajC. ^Ji I fl I \J ^ * iS-) * ^ajl <LflLLaJI £-\ \ a <GV (A i. niLjuWI 4a!£j-aJI 
d £ 0 # ^ 
JjjU <jj£ jWCjJI ( _ r li- <jt J^-ll 

^ sS 0 2 if + fi 0 ^ 

<jJ^-a. a! <IxauLujVI 4..i‘\j-gJI <jLi ifj-iJ p-Liti'il^ Inin n~»~ ^1 vila"uj j (jj" nfl /i 

3^JJ .SjUJl ijlilll Ifai - SjjLJI icjJLJl ^ 

^ L>i , . . > i <Ol at (Lulu a. * ^^aiLaiVl a j n c II ^Jaa V (6JLA ^ioaJI 

<Gl jl ;4a IJ-U II aJ^_j 6 J l < 1 1 ^JjlJI J-^ol J-> La LJLc. j .Cu-Ajl . , r lJi ^ U t H Ja_t~>-a 
jij - i.k <1 ^ -v ^ya jJ+sti i P J .Ai 4 -pv \ \ a jjt ina 5_>Ljl ^jjJo JpC- ^LoV I ^Jl 



lj_* .2-4 J. *> at II 

aj .AljU-hU j-A CjUaJaAA H 

JjAajJ 

\ ^ <_AJ .^jlj^. ~>i O <^-x] 

iSLLaJI «LLo J -a ~ ■■■" jU 
'tLk*-* tf-«) J-^®- u- 1 ! 

t_ff £±J 

/ (4~ \lj U i..| 

.6 



A. S- Gyorgy _ cxjj oj-aJI ijjj-Adl <J .> a II ^-.H c j-At 

*•■ ^ » II jjl Jli jl £-j!j 1 > jJ-uit-) j>-UJI ^ 1 L~ ( _ f j-!l ^ a in II ftj-4 jt (1986-1893) 

* * ** 

jkJ La lA A > fclj La ‘Ujjj LT^ l> > . 1 ^ (3 .a J.3L II 

,6^-*£. 1-^1 <LlA 

jjjJJ < aj j jZ K ^LJI ^ ^..j-aLLaJI c-j^LLjVI 13-a jLS 

4-LLSJI - ~ «l ^ aII ;^-a Ijj-aJI .4 3i \ iK 1 1 LaLc \j-j~a 6jLGx,Lj SjjhJI <lc^JL»JJ 

6 <. jj-L-o a K j\* i , (3) (3-4 J*s itt 11^ SjjLj <-cjJU viable > U*i 1 1 

£g\ ■ ^ lj|^ Lo 4 I t la i iA IL cjLaKJI 

itjJLJI ,~.. ." . ..I IjLfi .SjjLi itjJL) dljji_o (JSJ ji dlj^»-o 

iSLLJI (j-o j > jjj ,.i-s. j_i Jlj-i Lo <j| j-o <(J A .* Jl jt cJj -k ft. II c_s-sjj SjjLJI 

Ij-Aa. I -ft -W a 11 ft ijl jU lllVI (^S I III ft <LftJ jl £-OJ JjLaJI ^Jj)~l III ft II !jS jj" ft 

^_£ J . il j^ a 1 t a Q JJ La pLaJI jl jl i 4 'J 1 ^ A JjLJI it jJLdl J) * 1 11 ft IL* Uao. )j^ 

SjljaJl Jjaaj (_yjJI cKj -t ft II (jft jA.1 £^JJ (_£l ( 3 j, .ik~ » jSLftj i4iui^JI 

ol^j -k ft II j ilijl jl_i_Lii j-fijj (_jjJI j-l^ljJI (jljl^.'ifl cjL^j-^-o I ^ . j a . i A j-oj (_yJI 

5j jUI it jJLi.ll i _ s_ijjlj i_ .1 31 ^JJQ jl^s cjI^LLJI J*.>; ^1 <^liUI 

J^XJJ iSUaJI J t0 ^ ;J ^_A aJaJI 6JL^_> 

j t5w i*\ II ^-L^lj "\ ^kl dl^) *V— q ^_S 1 1a iiijj ^ \ LVft a . ic jJLJI 

itjJL exhaust valves and manifold fJjj»JI qLoU.^3 j o ll LlJ> 

dlj -k-o i sljJLt jU i_ui»_oj Jjl Jl -y ‘i l > A j .Sjjd^— aJI Sjlj^JI CiLiLa. ^ I 

Jjt {1 ^ j > 

<<(j ml mVI <Li^ja!I jl dLlj liijIj^JI ol^j -w « II j-o ^ 2 jj (Jjk.1 j Lijiij (L j' ^ * 

<£_LJI «t ft i J 1 Jl Sjlj^JI ^"_)Ja jJAj <(^ jiiI mVI (Jjl.t II jl J <5 j jLJI it jJLJI ^ A j 

Jl ^ " Jl . s 

CjLjj. jA J J l jjij jl j < ftj (J-A .oL^j -v ft I I a.J A j_o ,J^ (j_a jljj^.j-o 

a j-A (JJI a j (jdt «L)uij-a ((jla-ljJI (jlj!Li.VI ol^j^ -a j-o jjf.l (_J_A (_j-iJI <<LtaJI 

?aJj a II ^jLuJI 

^oLt^Lol a Jj ^ 7- j~* * N L_i^ Cyclic 4 iil^k 4 _lLa£. V <^Lcl <5 a_»j (3) 





jJb — SjjL tejJL J) A-iia!lU 4 1 >1 ft II -’k 11 JiJ — ^JUI 1 J-lqJI ^j] 

4JlC jjjLo ^ ' c ^X3^' -2JI I JJb .ilLi-oLljJ 1 C ^LJI ^j-jLaJI ol^jLuc. 

6jJb j .6^)-A ^-3. 7)-C. j ul LaLjJjjI L5 _lJI 4JLx-uaJI 6J-A ^jV <y\ iJ ui ^L^aLj 

p " £ ^ "*C.C ^ 

5j-ujLi- 0 jjUA > ^Lfi I rtf. 4_Aja».J ^ ft \ II < 3t 1, a^JI 4J ^li f 4 J a 11 

** s* - ** ** ** 

i jlfl ^j-o J^JLuil Lq_»j 4 kj II 6J^_j ^j^jlill (j£J ( Jl£*\ :<J>^liJ 

<Gl .Lo ^ 1! S J *JLo iaJ ^,i.i7> <1 .(A >1 4JL»-uaJI t_xfll^o 

~ ~ ** ** ' p ~ p 

» «k „* „ “i 

ijjlj^JI oL$!j ?>. aJI <-i ~l 1 1 La_)_jj i(_^fiijVI (j-lx *L>jlj^aJl CjI^j 'i. A 11 <jg x I 

0 -k.r>_) JjjjLLlI JuliJ V ^jl «(_>ijVI £T jLi. oljjl^ Jjj £yt 4joj-aJI 

' t> * 

II < jj .^.IL t‘lilc. (jiJ . p^^-i i al y a J I (j. n iA~tj £_ujlj jI-UaL 



5 jl 1 c f j , — ^ ~ i .4-4 j < ji 1 1 

*»l <5 1 1 Clausius 
V 6i1j* jji-o CjI j Ur. jL 

^ JXL Llloj*i ini 1 j[j .O^JI 

y** 

LJbLUJI Jl Lj^LUI 

iJ_jLj |V iilA ^j-6 6j 1^ ^ HI JJ 

jt-uia* jjJJ 



^_iLaJVI \ a II <1850 j^Lc alJjj <Uj 
L ^ j jxj La Lu&J J-aju R. Clausius (1 888-1 822) 

6 jl^A-il 4*S j ~- a I I 5 ^SJI (J^a>. 4jl^jjx il’.i'v. > jj-fi “O jLaLj tAjlj^JI jJb tl't-Ll i» 

4— a lx. 4 ^ ,,i f_yu j-jjj jl_^ In ~n jf ail .Uber die bewegende kraft der Warme 
^LoJi jJ!u±j < l« Ij_a^ <4-» Laa jQ ^ * jaJLc oio dill A > »<< i ' U ' I 

ft 

|laua ^-o ■_*! « “ * * V ^jl I ail ' <Lx jLi_u I (j Laj^j ‘UlllJI 

* ^ (4) 

J* (jl^ <^xl» ILi j < (4-4 <«i 11^ 4_ia (j’a. nil jv m •v f jJl\ JjL 

* * 

5 jiiJI &j Jt L&jjXj bj ituJI aj-A J jin <j| jl iLi-jtau I i^-\ iti 4 j_j^ jx. JA i II 

4 1 1 . j-~w-~. I I 4 j> \ ,s\ ILi UU d iii oVi iii <cUj £_a j . a j ' i*n I I I 1 J_i_a rt. > -iav"il 

,<_i_o^_iJ| sL-JI £_a £_Sl jJI ^ ~i.i <j| i-i>ij empirical 

(j-« 6_)l_>aaJ1 Jlllll ^.A-a-.i V (j^L-SJI (jl (jJI SjLiVI (j-a Lil Jj V <dJ3 (J_*_sJj 
(gjll * ( jU.JI ) 4^jUI Ja ' 8 ^* La <4 a i a ^ II ^_a tlj_A lajl^JI ^Jl SjjLJI * I ... -^ V I 

„ * i 

j J ‘n i 4_i 4 U < -s. a I I 4 a U < a I I ^_s ^ j “ ~ I 4.bC,t. A r-jl- * ^ 11 Sjl^ja. A i<-i i 

(jl i_ in. >4 rJ-aJU jkLiill I V ) 1 r. <Jj_^jjJI (_y3c (J-co^-i 4j| ( jjb lj-4 4 Jo5uJI ■ jn. ml 

* 4*9 

(jjjJojjj . j-ajJI ^jJI jljxll 4jJI ^Li J 4 UI jLliJ Jjj-a_> jl «-i~ a jlj_JI 

<(JL^_iVI jj-a j c \_>ij (Jl— J Lfr-t-S j.-s- . L~lS < 1 j? 4 1 1 nt (j-l^ 4ja^ jLa 

S ' / “ £ 4 

t 5J- Cj uM ‘<-^ajL=^J -L^J-SJ (jl (jjJ L^JijA^ (j^hf *4 4 aX - (j-*J 

(jl (jj 1 ^ Ciljxij I j-&J <((4j^ixll» jl <(4jJLAjJaJI» Cilj 1 3» ~i 'Ll jU"" jl^ 

(^yjlib tin i -> a II Sjlj-i. ^Jl jf^aoj < J-ij-ijJLi 1,'^ Aj .^a-jLa. J^ilx I j » a ' . 

(j^ (j V <4. iM 4 l~ Cl til 1 1 l**i I *N a II 6 jl jjL% ~~ 4_^.jJ ^Jl j t A. ..." II (jil 

(j xa-a u xU jLf^a. Lr a jLjj JLkaLj tjliLa tdljj^ L^aJj (gjjj_uaJI 

(jl^jlataJ p-^lfi ill (^ijjJli :^-Jj mil Cjlij-a^aj « ^ylil fl l*t 1 1 » jf ^ l» II (_j-*J (n uia II 

(_jX (_yjLt.l~i 1 1 .4_Lt.A~ jlnl |~| Jj| jjj (jl^ (_yX^. t^jlSjj |_I J I a " Jxa_>J (ja dLi_a_ia 

. K^-ij mil)) jl JoAi (((^a i i l—i 1 1 j) (jxa-ual ^ I » II 


jLo 4-ajj .4 >1 inVI ajl mil liii^a Jj * ‘1 (2>ta-J ijjLuJI La^ (4) 

^pl| jjL> ^ n i ^ . ^x <iUJI (Jij 6 j-A -kjJI iHj cyclic <j 5 1 -^ <-*-Lxc. a i V 

e> 

. 4JL0 (\^h Jill 




JUJ1 1 ,jx.j a! a-aJJ Amazon ^j^^Loi ^ \ ^Li_> 

cA^ <s*^j <J <i>A* .AiljjJI {y> f jVA* 

** ^ 

*> 

<GV <1 t^lii n ^IjibiLo (jjjjisJ! I fl(j 1 ,'ilj <UiioJI (_y-Sj 

) ^ ~ 

dlj ->-fi I ^ji-ajiA ‘jLaJI JjLJI (j-a 1/>U.1.*> JajH (jl a n II lj| 

* 

(Sj jL it ^JL (jjJ-1 J-aaJI dlj^-o lj|j fSjjLt it^JLi (jjJ J-a-*JI 

.jLaJI jjLJI (j-o 1 til a l*i Jjsjjj (jt Sjl_>^_U j5jjc 


J-0Aj_uilxu (lla. yLHsliLa jj^J ^jLt (jl <_£^p <_y$J 

,, if 

i^j_a_i (it jJLi <J (_jii_J (joJ ,Al^*al ^Jj -% n ,J ij . <m J it ^JL i V 1 i (.ol^Lal 

^ » 1*1 a ^ *i %jj jjl j- > ~^^ JI .(5-4 (J 5C . A I I 'j ij_(xiit 

1 »*(j — ■ A 11 Ji ml A-sljJI ilij . -t a II <jlj (^jl i 4 1" a 1 A^-.i-fll U 

^_ys iSUaJI JJjj i _jJb ^yJI fl-kVI i_i_i~i^jJJ (LlsLusJI <t^> il’JI (jlj ( J*N (till Ijjfc 

S_>Li*J (j-ksLla Ij-Aj ^^-Lc-Vl ^ '» < vN (Jf-ll &_>!>*• t-' n " 

,_)jj j_i SjLt jli (<jJoLi. jj 1 15> 5 jL A t ci->l^ Ijl IjJ .^LUI jjjjLSJJ 



, . . ~ j - H ita jj ■ . . .5-4 J s il 

SjLlt. Ijl -Gl (^jlxJI) 

SjLi_C. (jLfi <4-aJaL^ ^^-jLaJI ^^aLfl.U 

«* 

dl^> ■-* ^ II .Lu=»_il <aJaLa. 

* * 

J -Mi \ 1 ^ lr> \ o jl^jo-tJI ^_fl 

J j C . Jj_o_;VI 

l*- 1 ! J— °-*-4' 

jj-LcVI)) £Jj 1 ... a .11 Lr J L^_jJ_i. 

lm f- a ') 4 1 it — US *. JI I " \ II .((S_)lj_(X 

o- 0 Sjlj^lJI Jjj-a-i L( _* (JJl_u/VI 
J~! HI A H tJ J[ H^kLaJI)) ^J^“l l.ld II 

Sjl t 3> 1 lj-Aj . «(j^— luVI» 




6 jLi£. (jLi SjLl£. Cul^ IjI 4-jI (£\ ((jjj^aJI J)t\ Cl tV* m . dll J& 

i j utj ijjj ^ ^ H (j^jUkli tfjA ^iJI U 1 .^JLloLi I <Ajj ^j-fi.15^ 

^Jl 5 j i^jiJLj <Lua^LaJI Sjl^aJI Jj£J ^ »<< *> A* j \ c. .icjJLj (jr i a <aM.& II Sjl^aJt 

<l2j^-1o-j Jjj ^ \ a \ LJ 5j k * I ^^LLo I j_a j) J -fcl * 1 1 II ^ \ A 'I 

(j-o Sjlj^JI ,_L.>:. jlJJ ijJLlJI 4.-^» iVi II .(6-4 J< 4i 11^ <jJL!jJa 

iLs j»J> <SjjLJI <LcjJLJI Sjl^-a. (jjT jjj ^j-kl mil ^ >\a1I 

4_>' (j-o “■'< £j g K S jl i » I (j<-i jl ‘i a ^iTtUuVI j-Aj .dllA La 6 jjj-ua 

1 liU'i/. jLlLsl£JLa (j-u jU*JI (jLj <(_£_^aVI t i-i-a, ■ -■-■" a ' SjllC (JSi t ln> (jl^ LaJ 

s' 

. ^yjliJI ‘.tall JjlTv\ tl < Va (jtSjLc I n (j i[ jl :ULa. 

Ljjltj .Lo la. ^Jl (jj>\ f-^j-4. ^LUI Jjjjliil (3-ujlac ij^-j di 

^L l a - iu LAjI LaA £,1 ^ 

" f 

S jl > x II *i_A < jx. pi a *i II i_L4i^Jj dj **' ° U > " _>~' < Cj ^ ' ~-'j SjLuJ < J_a.lj 

' i*. t * 

4jJ j) o m.i jl^SV! .v j> -- Jjl j i jjjjm . i LuU <1 J-ij^aj jis' ( ^Jk , 3 «jJi X j~~ . i . a H 

t 0 , s 

jjLfi <J_uaAjl llA ( jS ‘“'■ a jy <LSjLuj Csl_>« Sic. lillj LaS!j . (_gjl Jl dj ■>. a II 

0 

6 -° i f 1 * II Sji j-& ^1 JU^jVI 

.A AA-AjJaJl J^k \ 1 Li 44 .fi 

lj_A -6-4 J ^ iti 11 

J> j a j 1 > c. ij| 

^Li «<LlJaLL ^JiLUl ^jJLLU 

.1 1 Ajl <oJoLi (j-fl K 6 jLlC. 

^-a) oi 

•Uc. 

4_<ij (3 ^ -Sj^LjJI ic^JLiJI 
iuaII ajI^^JI < * H~ Jq\ > 1 . A >1 

j 

4 >/^ l UJ&J LT^l 

j 

P-LfiJLjl * *> * II 4 1 cl ,^-s U 
<aJjL_iJ1 <£. >iLJI <^.LcJI 

a^l_i£. ^j-AqI \ , Ijjfcj 




‘Ujljj.oJI <LLaJ(Jl iiUaJl f-JfQ 4 n Q ' ■/*>! i 4 3 J <->.4 II Lulj 

<J» .1.441 Jjsl^lojl (jl Lljljj iiiUaJI <j 1 a 1 jn'na tillj-A . C-L. 

& ^ £ gj ^ 

(_jj (JjVI jjjLiJI ^JLij . 4-2 1 L. I I iiLtajl jlj^l jjlj 1 1 1 a r . <Jj) i a .» cjjL^ > j » » II 
£-a LajaJ <K iti a V .<G-iIj H iSUa jjl 5 .V ifTLi-i L. 1 i^'i VI !j^_> i.*I 1 nl 1 ij^-a_)jjl 

JJjJI (_y*£j L> j^." ,jl l'i.i'X n I I a l~m A v < vl Ijjk Ij-A 

, „ s * 

uJai lj-*j tLaalj) Iiif. ^£JI (_JII |J^L (_£ja2-Vlj <(j.i» a UI.Va.1 <._.Ysll ^a 

g ^ ^ p . s# * 

^_s Lie . jli \ $ *yj 1 uAii iiLLU jjLs ^1 clodaJI 5 LIjL l> 

L->jjS±y\ <4x^l^o 4 * i^LL t 4 A. a II iilJaJI &J^a. I ^ 1 > 11 » o 

j_*_i in 1 ** *» ^ 1 ^elusive «4-c^l^)-o)) 4 a 1*1 L!»_a £-oj .©ntropy 

j*J )() ** <J-A 4-jL*_p_u4l LxjjjHyl <j1 J f>la Cj-Sj 

•*' 0 ^ 

4-jLa.ll -t-fl ^^-4 ^<-1 ~v-.t. ^'li I~I (j-o £Tj-a_j <-iLlaJI (jl ? 5-SLInJI 

f' ^ 

(j^ls-^-J (j! jlll LaA tlfljc ja.'iljLJI (jJc- La lj_llj LujjiiVI <<LujjjJ! 

^ j! S* ** /• 

'La ." . ■ .1 J_& J_^dl I j_A ' ■ ^1 a /, Jo.S 1 a « >" Lj jj^yl j <1 a iJ4 1 4 O ./) 4-sLLJI 

jt-iLA-toJI I 0 jl^ * Lu JjUjV I rLujjAJ^I ^-k ixilj 4 1-1 i"ij-aJI <jj)« <^ill 

. 4_LajjJS '"«! ■ <«^j l rt I I 

^ 1* 

<Lu O <o .4 4k 1 ft K 4 _j| \ » n > <i5UaJI Sj n ^^-1 ^uL>,A.a ^-A LiJj^Hjyi 

+ 4 -a 

JXo — i5j-» < Li_»^a <QiUo ^Ul 4<i^k 11 jjl .6 J 

^ jJI ^ MtA II Lol -4 .A Q *1.A l_LJ J^Ul — A H <-JLc 4 _Jl1^_X> I. II 

4 uij^v a II i_ v-l5l.ll Ji-o - chaotic 4 <4-o!»^La j-iX 4-LijJaj 4-j^j^ n 4l si U 

4jL}_> 1 * Li_i ^ d ^ A JlL\ .4_JLc Lljj^jlj| 4-Lfi _ LkSl j aalC 

a^liU 41 ^Llc ^j^Jobj ^1 uu 1856 ^Lx R. Clausius Jl^ 

4iUxll jj Su il 1 Lu^yuy 1 jjJLUl v a ^ * 1 1 Ld-o*l5 .^ISJI 

^ La ^ .kla (5) 5j^Jl^ 


liLaw jj ^^.1 -1.1 (j - ® 1 ^ J *1“« 


iiLkJI JLiUV L^, ^jb Zj ^ Jl J 3 ^ l^b (5) 

i - ^ 

ijjlja- 45 ja- jajj ,jl .Sjl_>aJI 




ft tiUJf 


lt* j ^ 1 


JUHVI (fljg J aj ^_li/ ft <!a. 


^ ^ 

ills Sjl^y^ 4 _^jJj 4 n ^-ic. < nAi> £2LLa_* I ft aaia. LjJ i^J) Ijl l,.\^ A ^ 

i9 

6jl^^JI <La»jJ Jjl la_a.V^ 6j£.Li&JI aj_A 4-U-inl^ > Lfrjt ma ijj^AA Lu^j-uVI ^-fl a jLij 
absolute jyila-ft.il ^yj\ i i ft 1L* 'v .a 11^ ^LS-aJI I ^ II a * \ ^JiJI 

ciLLfi IjJ <dlla_i^-o ^yoiu-u 6^1^^. wil^-» ciuLfl 1 ft.^JI a j-A cljpl^yS j>f j . ^scale 

4 \ *j\j^ J*\ iti ijjLkJI Jj-o j j ft*\ II aJ-fl-J OJjj) ^ ^4*ij yjjljt 

OjjU. Ijlj .jjH jjlj Ljjjljyi (_yi jjilll j|-® <(_) A t-^ l Sjljo. j^uiaJI 

x X *9 

jjlj « 6 jlj^». Jim ^- 1 -c. Sjj>JI <LaUoJI» jLs Jim jj-Lc. 1 1) in*. iiUoJI 

t- * 

al jjj ^ .ii II Lujjlil jl (_^l .LJLu< Lujjjjyi (j-s j > » " II jjlj IjJ <<LjJLxu 

p ^ j! 

(jl ]A -X V .6 j ij a II (j_o i . 5^Sx J-Jj.,t,~ Jlo <Sjlj_a. J*\ ill ^jJx. <LiUa ^uAj I .n,.' ‘i f. 

<Jjila <5Ua V <Sj!j^. Jim (_j-l £ - <JjSUt <5UaJLi j,.v~»- > LujjjjVI j i»~ II 

> J 

.1 (j i V j Lujjjjl jJj-i V < i 1 1 i i JaaJI j . Jjuc. Jl xu (jlc. 

Lo (_^jlxu <<ja_ijLaJI LjjjjjjVI (_j^k Lo cl) jjjl (^1 jl~t.mll jlsl jl Jas j 
JlU j-fl-1^ La^-a-jjjl jjjJJI jjJijJiLLlI }L*_a jIjj jx jg i « I I jl Ijl 

ji l_i5mu C .t^-~> jiljjllll !ill tljjl (jlajJI (j* jl (jujjjj^l ^jjil 

jl)) Ljj jjj (JjLatj (_jjJl ‘ (j^J^ (J- 4 jJallJ / > <G-J! (J^a.il.'>~t!l V Lujjjjyi 

L^-jc j_U_i 1 a J *> f. tllJjj <«‘L5LlaJI (jOJt > OjJ-4 Ijl VI (J-oJLJ jj cKj^J 

« ji j, * ^ 

Jl J^L-tm/, llj^-o llc.jll.1 liiL ^ c.i .1 Llji joj'i a ‘i I .Lu jjjjVI (j -2 --'Ij »«~ll 
:^Lo J j 4 j '" .5jjL> ^1 jrLl=x_i Vj Sjlj^JI 

0 ** ^ ® 

■ Ct 4 A 4 ^ iiift II Lxj ^^H jI J^Li Ixl <jUJI ^ t \ ft II J^-o Sjlj^ oijl ■ v ft 1 

laj ^ ft II iSLLJI jjLi 111 <oVVI <lU_i^jI^j ^Jl oi j> -w~> 5jlj_aJI 

<U11 l-KM^ “y^.l < y. <JjLLs jj ~ dLU I jj fialj 1 00 <^£.1 U*> *<»l LuL>^^ Lxlxuxa (6) 

a < a 1^ 293 ^ <j^a-o °20 ciUaA^mo <a.^j cajI^ IjLa .4 i\WW 100 JjLjtiS 

■ 4j \W Jl ^jJi JU 0.3 Jjaaj jJ^j 

.^LaJj joA5 (_^1 Xx£- Jj^ 1 f tlai .*^>^1 6 jL*jj (7) 




a I ^ A tfll 4 Lt \ lli IjJ <Li_i ^X*-> V (J-AJull “* 

# J? 

jjli IjJ -IajI V Ljjj^jajVLs ULs jj .jLaJI j-tiaJI Lujjljl 

* ^ X- 

.LoLq3 jj&j <J^xj ^ 

Sjl^aJL ^lajj ^ylll L f&J jj^-1 <uL-oVI SjLulII (_yi (jVl 
( j t.Ci~ Sjl^a. I ' In ^ V Lij| ^-f.i.\ *< Liil ( _y£jjh fi. 1 1 .jLaJI (_yJI JjLaJI (j-o V 

.(j^ (_y.fi pLcJI (jjj (_>uL^ (_yj (j j S >"j > 'J ' > (_yJx. JJ ** * " (Ji-° ‘JyJaLaJI al ~. VL 

U 

C>"Jf 

,-. *»l IjJ <5jlj^». (J5l iii (_y If- (^ISLII (_j_a p-LaJI^ jjLiJI * ... -. II 4 a l U 1 1 

» • £ -* 

(_yfi a Sjl^aJI < ^_)j cul^j <4_uiiaAa ijlj^JI cut^ LaJj .L^jL»jjjjj| 

lt* (_k> L i^jVI oLi <L->j^iVI ,_yi (>t c5j j.' » * (jr,>=»-*) fLio 

IjJ <^(jj^JI (j-a (^LaJoJI j\ JJ 1 fi 11^ SjLJI 4 a L ‘i a II iiUaJI (jjifi .1 J ,jjji 

(_yj SjLijJI aJJt ,jl_S <<uJLc. I () "jl_j **- 4_a»._)J ■ "■ jl ^ LaJ (jj£J ■ <1 fiJn t a II Li_ij_^jjl 

4 s 

^ j (jLi^fijj 4 I «* 'X SjLijJ ^ j)-o .ft (_yJfc 4-vfit-u->ll 4.,-y v jjJI .6j i» Laj^VI 

fi ^ _£ ^ ^ M 

(j^QJ V IjJ <ljj| Lu j^jjVI (j V » I Ufijj .Ljl^-ifi i <i i i*i 1L» I Saj 

. Lijl Oj^jj (j_* ■ “ Le^ < jLJI ^yjl jjUl j)- 0 1 ulfiL 5 jl>aJI Jfial. (jl 

(jjjl^i <L-ij__>IjjU ^ <JijuJI < jjj^JLlI <9»jaJ (jl (_jjj 

^tilt (j>,liJI SjUxi :f JUJJ (jj->fi|-,^ (j t~i a iii OJA^. Lfil LjjJkUa jJjj “Lujjjijj 

^ t * * _ 

(JJLoj I A j t^j^a ^yjc. J (j U_ J _jjJj .lli' iii i I 4 uti i .Laj^yi 4 JVAj 

6 jLuC. (jl ,(_^u^jjjjL^ S jLlX. (J*i a i Ijjij 1 (_jxjJ UM a (J-*C iii (_y-Lc- <(jAjL S > SjLjlC. 

a (_ r a_Lj_a (_yji <QjJI (j ofi l 'V. (jj LiJj^jujVI (jl LaIj^S (_y-jJI (_>u^jjjjL^ 

*> 

|»li ASj .(jjllJI (jjilUl (j-a IjJj^aJjj IjjLfiAj J£\ (_yAj <<jj^JLi! 
(jjij_j_iLsJI (jl i^n-v 1~ (j * * j * () •‘•‘ (j^jjLix. ^fi |JLxJJ < L i al \ i , ' I <JI ~v II t a ■ ■-'J > 

:Lu ^liJIj JjVI 


Der Energie der Welt ist konstat; die Entropy der Welt strebt einem 
Maximum zu 




al-if. 4^4 Lujjjjyi u * 1 1 i~\ j ‘. <jjLj ^ II » II iiUa !^\ 

' 10 

j^jjLUl (jj-jLiJI (j-c- 5j-o Jjl j ' i » ~ II (j t a, \ u » ti <i_^jL*_a c.u ii.\.~k 

^jl -t-ull d-° d^* a-is :j II dJa ol ,i 4 xjl < n^fc g^dl <jV 4JVaj 

^ ^ 10 
V <4_ujjjLa 4j_A 1 ^ i I/*I ^-i 4_ilj_dl ^ 4~t Q,*>l5> ifiUaJI fjV ^ <jl_la 

mi I l j| (^1 (j ualLl jl LfjjLj (j^j t~ it 1 ^. 1 1 f ■ (^] ^_i U~ i ii j 

^_11 I v ' J} J ' 4 3-flL-LoJ ^LCaL (IjLo j'i c^j-a SajLjjJI aJ-A )L ^ ^\_o j S 4 i l 

<ju^iJI Cxil^ Lv^ A S^jLillJI jjJI J^j 4 _>La £. aj-Aj < jt II « II 

(jjj <4.i iii'vc 4_1 j_o1 (^c. ajLi^. J j(j ^ Jjj (jJI (_$J\ ^jJI o^liil 

j *y*11 <j| ( 4 Q \ iWi 1 A*k 1.^ <^J»Li]| pLlxLuj! JolA jd - 

1 »" I SjLaJI jxLux^VI ±jj-£ Ji-o ( a U * j 40 1 II \ i. II oLlIojuIL a i^l ft 1 *l> 

^UJlJI aa^vllj \l~i jo£. L^_s_u2j^-» j * > , K < II <LlLoj*JI . awlj^ 1 ^ ]r % ^ o S jl^_=w 

s* ^ ^ S 

I at Loj Luaal d^LfiJI J_ ft-xi ,j j u . II c. ^llxJI ^-5 CiljLi-11 

f. ^ t- ^ 

(j-® lal Lo cs~>y 1 iii x (Jjc.La3 

lal Lo ^1 ^aja^JJ J -ux \ Lo_l_ua^ ^.LA. ^jajua JLqjcLujI a a II 

* ^ ** „ 

^..lLii i <j| »^j) il <0-0 Va>> Jd^lll JLoJlILojI ^j-UIaj 

6a.ix.ftJI 4 i i^l -v II ^jJLlI <_s j) * -v ^ 1 <u!> 1 i ft i<Lll o^LcLiTilJ <i i.aall aK i ., 4 x > 11 ^ic 
<ji OiK > jd^ 4-dl J IS") i V uj ^ Lo .SLl^JI 1 ^ 1 ft m*> SaLd 

<T i > ^ikftJI jlj jj in^U 6 J 6-16 ax_4 <j| f Jo_fl ^jli-ft Ji=wl 

. <_ia-o^)_u4 d-ol—Ju 

Lo j 4 s ft . axu ^aJI *dl alJa Lo Slaa^ <& \\± < (^aJI Lo d^J 

l 

SLxjjjJIj^LI <Li^L»j-iJL!l 4 \ ft A VI Lo S^ajLilJI d^* A d ^ r - LLa> 4_Llxi (_^aJI 

4 a >. 1 I/-S i 0 ‘-^J ) i ^ 0 ji^Ot 1 1^ ^ If 1 . <JL>la < 1 o ft ( 0 -x-d I \ /\ i 1 o X 

{ j^ Sa-ca -\ .o UjLlcL jdLxJI oliu d *C ^ 1^ > ^a^. 1 ,t ^ jLlII d^LiJI di ^LlJ 
4il ft r cul^ lal Lo Llol£ -x-iij d^-^ ^~jl >f. 

uaj cjL^. 1 iA>l ^ \, \ ii I V ill d_^.a_ft <dJa *V ^.1 <diLLL 

^ #* 

6l.^k tLt jdLxJI \ * ^aJI Lo Li^L»d^-fi ^ ^ 3 . q c^LJI ^ aA '' d^ Ldc 




(j-A Laj t-l jj ^»5Lj (^j-ll La <<£j-=J SjLl»jj .j-=J 

< ; ( jjljJI AiuiaJI <. uj ^ II 


j .SjLJJ ^Juj-^JI ^vuLjjVI (j-Lc. ^JLsj_i <L*_sj_» (_£3JI i_jl_iJI Jjl 

Cilj JJI Cj1j 3 jj-o 4_iJ^jo O-d-uQ jl^a <p 11 » II Id* 

* 3 

<U»_S^a J^a* ^LaJ-S d^-LJ Lfl. 3-a ((_jAj«_j 1 (j -ca a. I ^<3j in n CjI_)3^ 

I A.,) ' f- V ((_vOJLU L^_i^kjl_l Ajt i^L CjLjjJ^. (j-O 4-S-lj_a £_jl^_a (_5 jJ j .^Ja-auj^JI 

ss s= 

SLat, V «. a ~>~ . ■ ■ z' ^_S SxoLi Lj-4,LL jJjj La, lie. laAil -■ ■_. ■ a jjLJI J~v i 

I a-A » i Jj j_o J <aLo-il i^-i* n ,j a j-jl K~l a t>a <-Ll>a CiljU. -<ji 

ajLxJI jji lj_A .<Lul J) mijT j_1_l 3 a_c. J , 1 1 i a J > J A Cilil -111 a a j < ^ A 1 i 

jjJLjJI jjl ' a 1*C ,Lg 4i3J 4_i_a PjjJI 1 l A i <Lujj-ijyl ja-tuiu <Ll 4 ^ja^.1 

.LfjjLja Jjiljj 

> 

I Boltzmann (1906- (jLa^jJ^j ^g^l m a \ II ^-jL>^->.a I I ^- l l o -i a5J 

<SjLaJI 4 a > >ti |jl <vf I <^j jA-i i II j_»_naJ3j I j t -l u ~w (jt^ (^j-ll <1844) 

a j l.SL i i -k ^ >1 « ■ ~ ■ ■' ^ \ r . !»..■' a ... a . ^j| ^Jl < a_i_j_usL»_o ^\-a ^ I ^ i I tj 

<jj— aojdJI Ojljjl UK S r^ja J-Lil ^Ua a Luj^ILjV I ^j_lj ' ^ ^ ,LjJ p fl ^ °jj) 

* ^ Tfl ^ 

^j-a 1- ' ~k < ara j j^ij-g , a j k , I ^ I ^__ij! <<) ' I </-»-ll SjLaJLs . Lu I odjjl 

a 1 jj I I J <jk3ja^>^a CjLij jaa. <J (^i)l <^jLoJ! £jja Lujjj <o(jJ^aJI 

J » > jA— au-aJI <_dl Jj-aJLi (^3-11 ^jLaJI ^-o Jd! Li_i i_ d-uaJ l .<■ -n II jjl jvi 

<^jLaJI (^_o J_j<1 ^_acsj3j «■ "•*' < Sj-lLLal-a oLuj^. aj jjl < jlijl J .a jL^-a<ajl 

.jliJI ajjs j -v n ^jLaJI ( y^ er^' jliil I3J 

^ ^ s 

adUJI ^_a c>l j i k ~ II Li A il j <(j i ■L <<.i~i II Lu ol^aJL ~> II (j) 

<SjL&J) jl j i<-i'il J_ta <L^jUj^ (jLi <a 1 1 .<-> SjLa j%-m) La j Ixi lj£Li j .a_ijLjjjJI 
i— i in* Jl la^J <3| (jAll L~l-Ul'» 0-=>-3j <Sj1>aJI LxjJ ^lijjl A-il di»J dj-=>uj 




t-o-jj * I . A ^ vdJj L l ~ I J ■» a ~ '\ Sg \ c . . L>J <^ j\j y II II jl 

^jLi ^ <L*-jLo y 111*1 1-aJ.Vc. <LtaAj p-^-uuJI 

o' o' 

SjA * " a 11 CjLj-aj y II 4-iJ^ Jl <Lc.^. a y a 11— t (J y > JLj>A > < J ,ml i, ^ i dJ^ y \ t 

j-uxijl (jL-y.^ CjIj-»j^JI dljyTt <ljLc. (jy <g> Labile j & j y 1 j a II j 

<0 

Sjjj :<_ij|j^J| I ^ a_il J^a-j f-* o-°J <oLc_>_uuJI <jja 

JJ-alj I a i'if j .LljjjjjVI £ jLj ut)J.~u" jLiJI <L^jJ *— 2^) (j[ Lj3L (jJ J^ul 

* =* 

f<G.i-ij^L»l ^3 (j-oj <4_it '— 'J>J oM <1^* *^ Lcua-a . J jLxJI 

6-* ^j-1^- <j V idJjj oj J LfJ^ 55^'^ *-?o J u*+* ^ 

<Lxlc. * ■ • i La Luj_a. (jl«s 4JL Luli . I (} ... ft , <£,^_ujl 4 jIjjj^J ^j' 

s * t 

^ If. 1 l -a. I -1.J.I La-I.n^k itUaJI jjLij .jLiJI 4_>jLa. (j-o Sllxa_a £j l» if . 4 t l~i *wi 

LflLLJI jLili! £_« Jjijjj 4_i 4io-> ?> a II olliJ>.> 1 1 4 jjIj^JI 4S>j^JI (jli (Sjlj-a. JSL 1 I 1 

^ s* 

(Jj -- " £_o 1 ' « j[j" *y' <1 jl—uoJL^J j . l-i i ~u ft II Lujj^ljl jS J> ^j_aj <1 i-N 

CiljjJ 4_>jljjaJI 4^_>^aJI J-ilj^j (£j . t i l l Jj_o SjLaJ 

rl ~i o 11 (_g J-aJl (“Lijl^aJI ^ i Aj 3 Jl J_iljj ^-o 1 i| jljJjJj Li-ijjjjVI .SjLaJI 

• £-Slj-aJ 

jS J* 

Ij^J .(7-4 J*s iii 11^ 5jjlj>j-o Lujjjjl JjLLI (5j_iI jj-a Lojo^-j 

^Sj j^yjLiia L^j| 6j^j2 Lo :J-» mn (j 3 o LujjjjVl (jL® 

CtM < lj[ Lo j a?jl ^v-c 4.1a.r^. .1 ,^,-J ^-£La—ll l jj^Laj .4 U i .,. i II CjVLsJI «> Ui X a 

— 5,.' <£.jl -La II 4 1-1 4 'ill -J-LLi ijJJi. (j->^ <JJj J 4 I ~i~~i jl jL>lj)Jj Lijj_jjjyl 

fjS LfJ J g~ II t_L.T^.i ^yjji 42 jJJ ^Lj Lul ■*■ mjJ Ipl 4 0 II ; ^_5 

(J J»~iH ^\x.a l^JiLi LujjjjVI (J-S (JjajixJ 4j1 !jJb - LLoLljJ j-ojl!l 

Lujjljyj ^J^JI ^ 1 tLijjjljyj j 1 j~ill j >*C o~ 11 I *1 .If jj n~ . 

LfiV LLa J^-Li i l jJL*JI 4ji) LiJjjIjl {j\ .jJUJI 4_i5j (J-Sj ^ 1» n II ^dLuaJI 

Cut 3 ,. Ci lj| i->J (Sjlj^. J's .ti jU I I » I I 4 ' t 1 itliaJI cJ^--u~i Ijl 

.I_1jLaj| lj_A aLaj[ L.y-> . ^\jljxW 'x^uoJI ^-Lc. <1 a <5UsJI 

V I (jl (jVl 1 y a ^> lj Cx3^H (J^ 4->l <-),.\ 1 ^ a*> < Irt.ft’) <Lai 




SjLj (jl .jJL*JI ^1 t t L. A-i ^£jLa jIjJj-j 

V ■ L^_i j ~u_l ^yjJI iSLlaJI (j-a <jLiHJI <1 la's II 6J^I ( _y-£ (__>oLaJLjVlj (jJUJJ Sj-ilj'^JI 
^Ujjl ^ Ujj^I^yi (ji SjLjJls :Ljjjlj)U Lr ^jU>- ^ -1 

- ** ~ ~ J5 

(J 0 ml <jl j . . y- a j^_La j .LljjJ , jjj! SjLoJIj iflLkJt jj-S ^ * OJ 4 1 1 

fi 

XS j .<iLkil i—S-ijJtj j^.i..Vt"i (2)K n \ <LijJt-ui-i.il {^yz j . 4_sliaJI ^ j ^ 4 n ^-o Ij-vVC 

< a .1 1 1 l«J (9 an til jjS 'll La^ jl <(J-o£. jLijl S_>xiJI L$j| (^Jl J 1 .til 
(jl ^JsljJI (j£J (juijijJI L^l jl <curved ^Wiall^ (jajiaJI (jliajJJ 

I ' . jjV'V L i ijJjLS-qJLi j .4-SUaJI {j£. <L2xj 1 j 1 * 0 jXaj V oLLij » ~i II axA ^j-o 

^ *X ^ 

jj- 0 j <6jLaJI j ialiaJI £jjjj ^-uaji jj^SaJI jA <Lafc I *1 ilf. La (j| jl <<l Ifl m 
(^jLa^aJj-i £_SJ xLa <1 flm^U L J <(jil . Lfl-aj ^La ,^-Lc. <-alj <LlCjj Sj. lnj < < 1 Lj-lXl 

<LijjJI fcj-A ^]\ J-uojjJI £}£. E-L n | jt I I 6-° 4 *J ■ v-tl a ^ jy 4 t 1 t 4. ^J| 

5 s ^ 

.(8-4 4 i <^l3 OjI^ <4U t mill 






■ »11 ^Jl jLuojJI 6 J_»l^x-o 4_»^ljJi &j-A ^j-S CaI A f II fj\ .7“4 <7lJI 

Lxjjjjjl ‘LJx_j-3lJI & J (j 1 0 IjJ < > 1 j ««■*> ^ 41 J ^ ^J-S ^0 1 ft U \ ft La .a .fl -Mia ^j_uu-jVI iii II 

* *■ * s, 

■>> L»_»jjJL 4[ L^la IjJ <JjLco ^_s LqUt>V> 1 ^JJal 1 .t >*>^j ^ la 4 1 all ^J!Lajj .< jA j >.a 

.[lI^Ij j (( jil chaos ^ ^Lc.^ Qas J 4 > 4 jjj ^ \ a > II 4 _>^jJ 1 a r>j^ 

^_Lcl 4 _lx*J 1 &uig_La IjJ :Lul j-u-if. ^ ijjj >-k 




j-i- 6 SJ-AL-iSj 6J-4 .8-4 J ^ ui II 
U ~i ^ 11 O V jL*— * 


iilj^-1-i.u > tiL»_oL_i_j j j-ojJjJI ^ j) ^ ° ^ 


■ CjI -x- > ^ 1 1^ oljj— 11 


<JjU-J1 

f ^ I X CjjIj JJ£. Lu^j^ajV I 

<j£aa)1 CjLl C, Jil\ jjr. 

, "' 1 > 1~ 11 jjx. ji 1 rt.r> % C A Ajj 

^J| <j^LufiJl ^y> Jj-o) 

.(^UJl L1UJI ^ Ujj .all 

4 a > -.^ II £> j_A ^ •* °**J) ■ 1 ' 1 

I *1 \ -%. j_ A, ^ ~t_l l A i f. j-j-JI jl £iVI 

. d a v a \ 4 » j tf. 4 > a*\ 4 i i . ^ i 

c - «*- <*- f « * 


J I » ~I I (jt Ij-L*_l Lu (jj-lj^JI _>J_LUAjJI jd-lj jJi 

..ij jjjJI 1 j-4 Lfj (_g j-a~i ^yjJI SjljjiJI io-jjj gjj j-ajl Sjlj-^JI il^Jj Lu j^LjVI 

^ tfUl ^LluVI (_yJk (jl i_4jS (_£_>jJ <' a j jgj (jj-Lfi jjJI I'lVSa I <j1 Jjj 

(J-I II y A 4lajl^JI jlfli-. ^ d II ^ . i ml L 1 ~*h- l (^jjl 4 -U-lujJI . ^2 *>IL 4-lII 

<d al L 1 1 L> y-Jz jj VLkjl 4 i iti t (jjjLLulJI .4jjLA 4 >~X a ^_a jl <■ i . ' j * 

<Gl J^xs JfoJI (> (jj$j (jl i_i%, ij (jJI cJjja. <5Ua I^jj^ 4 1 .tu I SA y 

lj_A .4 iV\ a jl jl itJI CjjJ Ojljjl <4 xjjiaJl 11 5 n< ^5 Cjjl^ LoJ^ 

^-5 ^ ^ 1*> \ ^ 1 f , i5U=JI)) ^jl u <>>l i.n AuJt 

5j^j_oJI iiliaJI ojIjJjI t a K numenator ^ u < 

SjLjjJI Cj ^ CJ-^°J f (^5— L 5~ fl S-iLfJ-ll Sjlj-A. J *S m 

denuminator ^LLaJl^ ^ ^ II 5jlj_aJI j ^ jl 

(jLa t6jlj-k II ^ li » n jlia[ (jJ <4j| (j j A~> a.j ^j-A J jLxAjI 4 > lui~i II l.t j I 

4^.jJ O-jL^ La-o 4 lAij'k j n gjl j--^JI 4-^.jJ ■ * ■ ‘<1 ‘Z I jl 1 » » yy ~ ^1 





*UjSLa Jjl JJ <UlS <JjLiJI ^juuLaJl .ijJLc. SjIjjsJI 

5 s 0 ^ j y * 

lx.LL>jt lj-4j <^Lc.jjVI j-a lj IjjJs itiii ~i <1 *>.^1 4-aJI M <nli t ILa ,<LjjLa 

i^j^aJI j-a -> * jJ-3 4 -lS LSJ ''?' 1 <jLaJI |% II Lai .Lujjajyi )j i >*% 
jh« > » i ...Uf Qj .CjIjI i hi II j SjLjJL Lajvjj-o IcjLii ,3-al <<->jl j^aJl 

SjLlj jjij j_aj <1 v.j in \ t_.Q I fl.ln.9 <£jjL$J 4 i"i i S a II ^_S i~,i\va ^yJiJI Si \ mi II 

• < 3 Q > ^ t> 

a jl i X II jl .4_ic J 1 \ X "i 1 ] j^jliJI ^JLuulj (^jjl La *Lijj jVI Li*' < \_a. > 

j| i *g-X ■> i.iri <Gjl V Uaj^VI jl A I 'll 5 II 

S* !< 

j A if. ^_a La$ _ Lijl j) jtir <Lu^aJI cAa-ij-^-ll jj . Lc^la J_i1 ^a_i V ^jjj^JI i_ujjJLlt 
( jS I >5| a l~ jLt ^ a ^k~ I jj J .<L»_)^a-!l IjjI ft 1,1 I (j u i 9 \ jjia ll>3 - 

‘Lftlaia I IjlJft I' (jA 1 ft~ jj £jjjI LS^ S j -tlilla-1 1 ifiUaJI .<JjLa. j-e 4jjlj 

. SjjL ii jLL 1 ■I'l'-ftfci jJ-iilJ jJ J (S^JjLlo 

a l Jk ~l J ,i I M i jfiUJlJI J l i> *i II I n a j_$^ {J-* 1 —i > 111 " 4-f jj jVI L'l I'Va.j 

j » ~ ~ « II d ol -U 11^ SjLaJI jl 4 .j— i-uLmVl aj*\ a II .aJ-il j ~i o I I I— I 

IM S 

^jJI *« '< ~ <Lij1 J «.ti » II LpMLUj jj-S oljjJU -Ci i -ca i H |_jJI ^j^Li- a i £^La-la i a 11^ 
SjjLaJLaJI oljjJI (Jiljj <->al j i t t a Jl Cj^LSISjJI iSUaJ f a . ' j, I -s. C ilLta ^jJI a^ - ^ (j II 

c-l^j-ui <J-j.l j-4i j i jTi II i lit II at -v~VI . (jsi* 1 1 I ([ iStj ji, Uo -tyaa ^Hjl 

«<-5LtaJl J\ (SjLaJI J-uaj_aj ^ O-il-^ 

.-■" ,^.~~ j iSLLaJI U ^ «~ j ' ^ i-^ji jjJI ^Uaill (Jj-->~| i <x*-uJaJI <JLaJI . <-ijl 

.I^U.^1 (_jJI 4->.~i i f-lbtjl £jLi |al i*l i -v f ll el^j-ujj 


Lajft (isUaJI ajj^ jl lilt (jLuiiJI , i; j I*_&±A <L5^£. j <I^xuVI ,aJL»JI al -s.~l 

4_ijj L^-jl i*l i al '» «.l ^ajjJI j_o jjjljJI j^jllJI jj-S aj.iiia all 4 a i In » II a,ia.ry^JI a_^SLsJI 
I i j I j_aLla-o u-A |_g J ^j-j-ll C)lj i.i.a-11 j i o ■% jl iij-*-aJ a ■ M » *1 ~ ...I 




fJLJl LLL^J yj ^UT, ^liJI ^lUI ^1 ^JUJt J .Uk=^l 

■ SjLoJIj <5lkU jLiliVI dJjj <<iLsJ V (_£ jJI 

1 jLi .L$-$_>Loi ^jJI Ouj i^JS—oaJI ■ ■ * ialj jJUJI i > jl (jVI i*l\^ fl * 

4_iA ^j^LoVI ^-A Ua < Jal U^h. iVl j)^ * j LtaJ ^vJLsJl &1 ~s. >1 
fi ^LkJI P j-A-ll X > <Ljj^JI &J-A C^JaI Jjflj Sg. lj . l*! JLaXjj jl£_fljj f (j J * * ' J 

< . -~-t A. . j <j null (_£jJ <_ftftj3j V (_£j-ll (j m~> . <1 1 l^jlj (jjjJI J n~l J. l l 

(j^-1 .^Ij-iVlj frLljJ^l! Lit j j J~i f. I 4 i I 5_>ill (j-o jjJLa-uuJI i. ft.n-i'ill 

^-lll 6 jL.iA ]| (jAjJ ^gjl i o II 1 $ «*\ -\* (_j-j-ll cjLjj^JoI jj-s^LI (j 's nt i 

j in V LI U -s. *>l ^J| ~ jj 'if 1 A f j jjjj 1 ... I (jj_o j J >".‘\ 1 ^ ! 1 (jl^ I jl *1 > II f I *J *" * <■ 

jJUJJ (J-ijLx-ano £_o jv |»Y| (jl SjLttJJ <t ftlril »~i Jl Sj-ilj3-aJI Stimuli (j ^ flj <■■ ft & S<Ao 

fi 

si (jjjLSJI (jl j-®- 5 <j-j-LJLjij Ss-^^Ju J * «"1 cdjj j-s-j <it Lax.j j -\ \> 

Jj _ (jLuxiVI JUil |__)^a_L JO <jli <Lo ' -w jjJI <1 1 <jLij]aj (^jlAoJI dlj.-on II (jf-i-L 1 1 

■JJ-^J-^ 0 JL*A (jj^* 

•M 

^_A 1 fl 'vfl Q < ^ > ^Ull 4 t\ i uLrsJ I <JkiJI 4_1 A_-^ \Lq 1 > lift Ixa J^J 

i j-o 4^ \ iti ^-A j-JLlJli : Jal Jol II ^-o iJ^jd-o (jl A * ^ ^jl 

jJ JaLU-^Vl ^UuVI . (j A * \ s 1 d toxj U JjIj^.^1 

4 ft \ ft I ^ ^ *j. II g-1 iti\yi Ij-A cA > r (^yj£l J-A-fl <J^I^ i^_o 

Pr3QU6 M_ljLLx-o ^_A U ut^JI 4 \~\ i \ <\ \ IjJb -^-2^.1 

■ oLLal AMI (j-o 4r ^ a - v ^ -U-fll ,., L^.i^ £ Q,.\ \ ^ull ^9“4 J1A11) 4 Xlflll 

Jl ^ > 

« ii ^ 1 a j > r. tdJj^ «Lx-»j^IIjyi SjLjjj <<aLLJ 1 ^-A c>"> Ju3 <Loj 

i p ~ ^ 

4 -v 1 1 Qjl^ LJ 4_j| Jju .44jLlt Jl <c\ ^A ^-ic <QaLU JKl^yi 

tJJjj \ t in a 11 <AliAJ 4 I ml ml <Jaajj-o J-a!iU J A mV I 4 _^^JLaJ! 

s * * 

/v U» t /\ t*l^l_tj» \ LujLuj^I jJ J Q ti l Jo i ^ P m ^j‘« ^ ^ jUaVI 4 . \ a \ 1 

uljl J^.y I ^jl ,1 ^JL All. J jifl A II J-OX. Lijljl UIaL^ IjIj ,i,\ A X.a 

i <4 il-^lj <ijJL-o diLoj (j-O-ll ‘o=^ .4 ta \ tli 4jfi_>^Ja_i 7"^ O >1^ 4 ^U\ ^ 11 

. Ufll HI 4X^AJ-a 4 -uLLlo 4_ai Jjl 






. 9-4 «.qJI 

£) J— A . < JL. *\ JL \\ *\ i JL. II 

Ol <>a M 

(£j *y Tt LJtlj— a »1 <—a- j \ \ j 

<x. J_o L$J>U < 4 > (j "t a 4 O-J j U ' 

U^-° lt* j -*^ 

JLJLJiVI Lj S j_^l 

<JiiM plliJI <*iUI 


lP - 6 I) ^jLa_aJI^ 

<bAAA.->-ll UJLjlilj <_j_l)I Ij J 

V . JLSL-AVI Ji-a ^ 

Sjl ^J-C I J— A ^ i » j 

£— <^UU <S>^- 

^ a nu La_o 6 j-=kJI *jl^VL> 

/si ^ II IjJi 4_j 


(_5 jjj <j| .(jjlill jjjLSJJ jLa-o p_A jAjj (_y^ S < j~ l a i o I I 

^ s. ^ i 0 j. 

jl i»j^ A< jl <5 j-a mi <Jjjj ~ 8~i J^Lo <Llj ,1 t._>j> ft II jJbJI ^pS 4-iiLo Jjlyla.1 

(_£jajj V tiil.la.VI aj-A (Jj-a jV A-ijAUi J_aljjli till Jut jj-uijiJI jlJ <(_jl j 
• ja.1 jlia ^pS ( p_najill jj> j_i£l '- •^ ■Ll. 'J £_SjJI lii (j-a jJjJJ jl jjJ <HjJI 
^puajiLlI iK* jc ml ‘i II LijjjjjVI j-iAA <lj-t*aa. (_pAj <<AiLtcJI 4 ajTi II j 

JliJja. J-Aj <£_SjJl SjLij j-o e. ( j_iIiljJI LujjjjVI jj «" j talljJI iiaJi (_pS 

0 ■& ^ 

IjJ -<fiL-=> (_p-^=>jAJ ^JLo^.1 jrllj| (_pAj .LujjjjVI j^pS 4_jjL^a SjLjj ^pA <(_g J ij t~i 

<_ijjJ SjlTi m II £_Sj I ~‘ * ' f j . ■» " i < jjjjJI jp_S IjL^-l Loliijj LiOJ^p UjI j 1 AtA i 

^ 5 ^ ^ ^ ji ^ _ 

C»1 4 l-"> a A (j,,K ^plxJlj |_^_1 liA^-Aj •^>-^■1 AjJ-aJI J-il ^ ‘ Ai j-S 

<*■ & 

.chaos (jxil J ni 1 1 4 Ulxoj^ 

(_pS \ l ~>a ,m 4~ , ,, l ^jjl >•' ia II i (jZj-L. <dajlj <-esL5| LlA '.. j^Lajj 

jj^jjLS-Ll Sj iiiLi-o 4 ^ 1~ *1 pjk (^Lj-a 4 JLi. jJI (_^si CjI a. L-w 4 i i 4 -y jl <1 

j-l»_» (_gjil <<5lk)l S pi i_SLSjjj V ,_J jJI jl,la.>V I jl .i*l i-al ‘t tJj^jjJI plLUl 




(jgj-t-i. II ' sMiJI cjL> jSLo ^ i a ■>- jjj-i ^111 J-A ‘(j-jl-J-ll uJ-jlUL < ^ Lt 

SjLo CjL_ jxlj qL'Qj I ^ /\J1 dJI_o_Q ^jLi < I >A.a>. ^_xijLi_o ■o^jW ^JUJI 

J 1 a ~ II <Ll J ' (jj .(jiilj-iJI (j-a JjX J^Li. iJJjj 4-1 J ._i. A C . _>J_C. 

a j) itij.ll I iS**JL t io_ilj3-aJl ol J i*"t 11 CjLlcIjj Ju-i <<J i_(U.A V jLuxfi 

(_£jJ CjI »!->■ J jaj .Ij-iuj 1 i jSiC. 1 j >-a-iii‘i ( _ y jJI SjLaJJ (Jjkio 4 a. j JjaaJI 

^ Q.\ t ^1111 & 11 Jjl 4 XjJLaJ j toLI j t ~v 1 1 i in a J1 J-uaiU J-A JLajJI 

vjj-Ia-i LiLlaIj < pi i-aX. 4 jLijJoj LojJj <i_ifiljJlJI (_j-S _>iij (jjJ j*L°^ <A-t,tia.lLj 

.Jj jkJI (J-iaJI ^ l<~ 4 _oj}Lo jo£. jlil 


SjLj ijaAl CS^JI pj-illl ^Jja jjli <jiJ <jl£-a ^ j 

4_dl .Lllklj £-2 j_aJI Ij-A ,jj^_i La_i_> Jj .Ij-A I J.XJ..J jl <lj_A I i I -v a J-fi 

kjuaj 4xl_i.uJI wi-JljJ *) <nt ijli i~v <4_i j » -»■ 4 4il l-a i^> llLLlj &Jj^j-aJI 4-C.l mi II 
^ X * *»" 1 >1 . 4.8 vj-Ui- ^ ' gjii 8 i i JaJj <cJJj £_o (j *'*C I f JaIaJI (j-o V (jj-ujjjJI (j-° 

4a jji-o I \ ■ r.\ j ^jLajJI dJ.A,,a..ll ^Jl 4jalj Ut.'J I jJ . ^ jLa i Jj-A-a (J-ttC. l.^A.ll 

< Jj all j <^JI jJI cJj^-aJl liA J-A Lo (_g j'i m .Luj^^AiVI 

. 4_LoC . 4 . i ..I i ..I Sj jLJI <£. jJLJI i ■ 1 1 t(_^oLL 1 “J 

jjjJjJscx (j a < A~ i <jLi ^1 jl dj a jj) j-o." I.ti5v a.i 

‘ C’lj.a ‘LSLLJI k clj -s. aJI J-ax. S^JouaJI .(10-4 .« 11^ 

4< 

^ \ iii e\ .11 (3^ x ->- o II ^ J^-L-xu-aJI 1— is~\ e\ 

jjJlJI (4_sUaJlj .(Jjajjj Lo-o JjI 4_ij1^a. >‘l 1 ~'-a.*i ^jVI 4 jIjJ j[ t Li_i I 

4-jl^ ja . A iy^j J- 0 ^ J-ij.~v.~i I <_l!VI _>JX ja '~~ /I *1 la . j — ~ ■ ■ •! 

^ * ~ J 1 il 

<5UaJI (_)^ C'l-vJ Ijlj .SjjUl <£. jJUl !ji\ J ~V.'~J <( ( _y a >a^ II ^_jLi_J| djja-aJI 

JJj JjiJ (JjLJI ^J j~ ... a 1 1 ^jJI jUJI l_ALj-=V.J-=>-j_tul ^-1.11 

~ fr - - o 

‘LajJ (j-° (j«~> 4 ~vl 5-C jJLJ! Sjl^a. <LajJ O >1 LaJ jjSJ . jljjj j~i hi aJI 

«4 

^ I — yi iy^ 8*i II (j-a SjLjJI jl-fi <j_ij_aJI 





£-U-Q-ll <3UoJl lil Cl ^*-0 (jjl (jfjLi-i Cl Jj)-0 ^jJI Jol^J! .10-4 Jiildl 

<J jJ-q£. ^-11 4 q LU.1 1 6JJJ U^** ? J J Ci Ijjj ‘ ij*^ « “ LT^ 


.Lwj^IjVI ^j-g \jSa jJ^a IwLA ^ <5 j jLJI <£. ^JLJl ^J1 ! u& jILfl <3UaJI <-lLj Lb| .IjjjjjjVI j_ljLj 

, * 

Li-j I (jl-fl <jL»Jl II Sjlj_2». 4_^jj j-o fl _a > I SjjLJI 4x.^JljJi Sjl j-2k. Ij|j 


9 1 *. C 

ui cLi: ^yG <J ojca! l <sUaJi ^1 ^.1^. 4jijj)ji lju^vi 


.(Ja£, J^aJL jl j?Caj SjjkLoJIj xu-aJI <5UaJ) joj jjiJI j| -jL^JI £-aj-oJI j- 0 


^Ic. i-iUlll <jV < jl ^ 11 Lxjj^UI jl JjILtu <1 C\\ e\ j I 4 j^ajJI 

^jLi IjJ .ic ^JLJI 5^ i *5kll SjIjJ^II ^J-i u<1^j jL^_^JI Laj^j!aJ ^jl ■***-!$ Jl 

.^jlilj <£.jJLJi ^Jl ^oLaJl Sjl^aJl 


£g\ dlj ^ *\ 11 ^ Vv \ <£jV! •i^ujLaJI ill ^i\ J^lVut-uj ^(jVl ^3 

i 

JL-^I ^Jx. jUJI £-1 JLaJI 1 \ Ij Ijl <L^k tLill (J4X&J ^Jx Jj) 11 1 1 \\ *\ aLj 
^">-~ k I '^'1 a 1~ (Jia_i jLaJI ^ .> \ a II 4iUo (Jlil'il (jl J-u .SjjLiJI ic.^jJLi_IL> J -nil I o 

s 0 ^ ^ jl ' 

.SjjLlJI ct. >1LJI ^ 4 i ft,t.ll <(J_aX. I j-i\ - I (j 1 K V - i-a I /» ... a UlJ I j^a. 

j^yjx ij J-T\ i Lilli <_jLaJI ^ xla II (j-o a jl jJi. (J*\.i~i (_y-lt 4iUo l ~i \~v m I jl <£_a]&JL > j 
SjLij ^ic. Jj_<^aJI 1 ‘i i "<j-f (jl J-*-* -(j-jLiuJI ^_s (j-4 (jAL^ -I ’il 

(j-kj .JjUl ^Jj " l.<i aI I ^jJI Sjl>bJI (ja Jil j»tS (3^-lak Ljjipiyi (_ji 

^ 9 

^ l LX1.II 5^XjJ 1 . i-o^a \ 6J jLJI ic jJLJl 6jl^>Ti. Cx>l^ Ijl <JLLqJ1 (J.V.i xjj 

SjLaj ^Jlc. 11 1 \\K .ftl <^<iliaucJI ^jl j^-1 1 JLojlILuj L) jLJI 




jJLJI J.lLi JajLfi *i - lo-a II iSUfiJI t \ 1 ^1 n m ILj 

g » s 

t Jul ft 13 (J-QJLJ dljA..A.II .Xliuo (J-a£. ,—fl 4J1 n*~ mV 111 t, fruVllI <6 JjLJI 

1 11 a ->1 SjLi^ ^ ftj ~ viable i i U \ 1 J ,J_»L5^ \ i a j\ <_j| _ 

.^J-a^. J^juj iSLLJI ^ A aj \x>\ ^-o Lajj^uVI 

^yj^j ^jJI ( <JUJI cilij . 4 j juI -*. ul Sj jLJI it^JLJI Jjl (jVI 
dJJ j ,\ \f. <<jc. ^JUI iSUaJl jAaj l^_i_fi LU ij SjjLJI <x.^JLiJI 1 ^ \ $ 

(j-a <<LsliaJI ^-lj -■ * "I (jl .LijjjijjLI 4 .' II A-y.y I ajLij-II J-a^M (jAa t t U a t 

JfLii ^^.Lc. U /v II ^J| iSUaJI Jijj .LujjjjVI < I >' a i (j.^.1 u* ^}'' A (^l 

4 -L^'j-oJI aj-A ( j_La IjJ ij n» i J jj L^JLa. ^ic. Ldj^VI d j-d_j J_a£ 

J-«-*d V ( _ r lJI cil^>a-aJlj) i V il al j dj -> a I I J-«aj ,_^i .I^JJ^VI ^ 

•• p p * P £ 

<^6j-jl_aJI 4 a > \ f. L$J > 1 ^3— >-wl <L-Aj n 111 1 (j-a J_i V 4 _j| ^ » «i < L i C )l < 1 ~i 

ajtij VI <ft‘vl <j| (j-a Cl vVt 1 1 La (j^-° (J - 4 Lu J_>ij V I (j^aAJ jjj_idaJI 

( j-A^ <<jjL^JI < 1 ~*s /- II ^ > flj i^~i~ L 4 J 1 I :£j jLJI ic. jJLdl jJt lj-4 .LijjjijVI ^-s 

jj5 VI 4 1 4 ^ ^ ^ (_y-S a j u$ SjLij <Li^ J1 

d 1-1 1 tic . jj ((<jlij)) Jjjvj i^ya uLi V ~l (j~ 1 ^ Al U. ^ V tdJj .iSUaJ! (^j-o ' a i aU 

<La^LaJI jjS J jUI ^ 1 *1 n II J) ' > U*i 1 1 !iL»L 5 cJJ Ijl < 4 -jLa lII 

$^Lij J a > V jl < id^ '"k a 11 ^ Aji rT\ <jJj 15 yla 

* S ^ 2 

I jjfc j _ (J-o£. (Jj-KSua-L! <j| ^-U-rt *t.’5 i<-k /^jl a I II dj -S .1 II JiLao 
I xu J J_i_a Jjl . In 1 1 ' * 1 u J CTJJJ II ^j-o ‘ 4 > 1 a r £g\ ^_a _ II *1 » 1 j 

~ ^ a J ^ •* „ 

«Lc.^JLil < _^j-k~i I a jl jjaJI l _ya* 1 JJjj J ■ ia * jl :l f i i »7i (J-ojlj V a % ‘. r, II iSUo 
(j— 0 5 jJJ "-> (jl ( -a II < j Ini 111 1 i J-S (_5-jJI^ SjjLJI 

<J <<t_l l~ j ' I j 1 a, \~ I W *1 <f.|_lj J-^-j l A*L J ,J_oA_l dj -> 0 II Jj-:. <LdL) (*lj ^ « II 

.(JJsVl aa-ill 


(^Ja XtCjC ^ j^dalU iLli al l J» -%~l I ^ £. yy jj dj V (j^H <iUaJI ^1 iCj jl) LddC illjjl (8) 

5 jUluil ^j-° < <i->^laJI 6 J ^ aJI Sjl^ak < > "■*» 

.2 4_l-ujLxJI (J j 9 < < i ,r> LoJ I <aJl» all 




J-o L4J1I C5_>jj (jiLtj jJsullI 

.(j-a-jLaJI •> II » II V jl dA.Lt 1 -j-^l (jlia . (d ^d^JLi Jo^la lAaldJ jLi <apLLi l_$j 

£— iA_$J dJjj <*jL^jl i_t-?>-> J-o-c uS\ p-llx^ iix*t| jaLxii.’t ^1 (jl 

olAj -k-n (Jl aJUt ml (ja dj V <(J_ajJI IdA ■' » a'»" I j -I fl . .Al j_o ^_s ^ ' t a II CjLi^j-o 
s 

dlj ~t - a . l l (jjii j ^ P-ldi-lLi Jj jj j_jjJI SI I 4 -lLA*JI CjI^j -vj . 11 I *i a 1 A (j-o^ 

(jLi I. \*S A j . <ji i >11 (jd 4dlia.il d-id-tl JjjjJo (je. Lt_ij_pjl dx! i_tn*J ^ » »U~I 1 3L>Ls 

. I a iJmj.-’k a cpaLLa .i_>. \ >*> > ^j^ L oAj <4-*dj 

^ i ^ 

4dU=JJ 4dUaJ! JJjj iZj i a. <4 iM >j^X 4-xdl_JI CuiS> Idi ^ La. >~>- u«a IdA 

' m,* * 4 _ 

jj-a Ip-d-i isJLsJ* (jd 4xxlxpaJI ^ V J l ^ ixtn. (jl ,4 jlsIjJI (3-4 4 t H a 4dl inn ,-i- £--■<- 
.4dlia dxdxj (jjdJ j^-xj (jl I4J (jii j»J < 4 ax~> . J^a_a ^1 V jjxaj <4 a-v xcJ I ^.IjaVI 


j<dUaJ| d id '~i L^_> (_g^)-a-i (_ydJI 4JL»jJoJI j unal 4dl— ixi-a (j_o j lax II (j ^a x 

L I- A II 4_^jJ J A » JL UdU.1 ^-iH <L-i^l 1 A 1*\ 11 O^LcLilJI dJj ^ 

\ A ^jl jl <4 Uiilljl 6jJh ^ \ 4 1 Q t £jLLj A .J)^.LluJI 

tpl iIaaII J^C LoJIl£. ^jL^jJI dlj a 11 1 J_LA J^Q** Jj£s ^-L^l J ,jl^xcvl 

** ~ * ~ ^ 

- nAflJlt j^aLiIjI Ctlut/1 ^jl jLJ^jl V 4 <1 Q 1 a. \ <Lu1_5j A (j Q 

s 4 £ £ s ^ 

jllJL p-LoJI j ^ dj a ^-A dj a II 

.jjlo^VI J-coLluj <juLLo 11 a ..VI ^j-o ^ <(ju^a 1I 


Cjlj^J ^ jj ..L^ Jl (j-a jAj < Jjjj-JI jA d>5jJI (jl L y=>j3Sll 

4 * * * .ft il 6^j!ufc xx-i 11 0^3 4 1 ml 111 JjLoj ^ Jo.fl.fl ^ ^j-o 

Jjijj (JjjiJI) Jj5^l ^a IJu .11-4 JiiiJ) ^ 

^ ^ S 1 1 > 

^ ~ II ^ jxj -v I II ^d ,j_aJI ^ j it II ."■! * » J a. 1 I 1 A il LLxjj I LLj jl In ujd cl 
(j Ini il^l j 4_ljLc. 4 a i U ^ld_a <1 il dj^j <4 >1 i«n» II ■ at » I V i (jjJ j_> ^ If d^l uu 
IdA Jj. W l jlj . JjjdJI J jji \yi I a I*i J Ual l~>jl In Tl'j-a 4jjldiJI jlj-all llKl (jl .djdjll 

3 f ^ 

.La JLa. ixSLilj Ajilll (j$J /4 a ' I (_jiuJ jpkVI (j/n» ill (j-o jj^l ^y\X ill ^jdl 


(Jjd j-o JfLiJI (jd Sd^ja>.j-aJI i*ll~i^ t.-'ln 1 jn. I I •>•%! 1 JjjlJI Ladle 




oljj £^»Llj ol \j^yz*. jljol . 1 ^ \c. l^k »><VI CjI jj 

ia^ljjJI Sjlj-aJI <j-o j jJ-i gJLLij .pLoJI ollij-^ ^C. I J-XJUJ M 

^ jj 

. „<VI 4 iLfapyi Ja-il^jJI £y 0 ol jUI ijSJ W y\~* 4 K iii r\ II 

/s, Vi, W _U_il^j t i All 4 -ft I \ Q II J&jl J^jJI JjC (j^l xl m * Lo> <^UaJI JjLfl IjJ 

ifi / ^ ^ 

J*j " -v » IjLcJ (j^J .Li_sLla 4_opjLa CjI ._l.j_i^ 3 CiljjJI j .i J “'"v j <4-J^-S 

(_j-i j»-j (j-*j ij- 5 < La ^— ^ * J Lij >aJj^ ^dJj L)\ j-* ' T '.< ' “' I *? (jj^j^jj- ^ - N 

iiUo ' I * ' -vt . i jS SjLjJI 6 Jl ^. J jl i <n \\j ^jlal (j ml <Laj . 1 ^ ' J ^~~1 >V I 
J-uiM-oj Ci-oljLo SjLaJI 0 ~i.. ,t,-~ j_A j^.Sflj . •Cl L ..1 j^Lj[ £-S^Iij la i . a— a-ll ^yi J J i i- 1 

CjLjj j-^. «ii ^jJx. Jjlj" ->. VI j_o ^j-o j iti~ ~)~ 5 jj a i a II oljjJlj u:K a" 

^ * 
.^mi a1 6 jj - u => (jljla-Vl (jl -Sj j j < ^i ^fjLt 

6 j-A jjl ■ 1 _^.llLi Sj^j-usjs^o -a. VI ( y-S 5 JJ ->■ a II “LSUaJI (jl liSj-a 

pLoJLj 4 I |JJ> C j)l J ^ -N. jJX. < 1 I r-i~ n I it (_£ (_yjJI 4 \ -wl mil 4 U>-^ll 

<4 ill r 6^1 <_i(j 111 Cjljklll 4 -Ll1xJI oLojl II ^jl .4 n*\ an 

i. S S' 

^jl Liiljj lISJ p-LaJJ 4 A AA t A II .~<l -ft \1 i vs~ H 

oM O^J ^ wLjlj^ ^JLaJI 

"i x 

.LujjjjVI Jjjj <jj|_5jj <ulac jJt pLaJI jjJI Hjl jT. ^ I ^‘lj-v a ^jjo 4 a l Ul l 

i J-3 <lj wt.ll < ^ yj {jja <<GjIjj». ia.jjj ‘JjVI jt-^. pLoJI 

^ JJLj l-i a*i J i^>*i (pLoJI o (j£J . j-ijuA-i i_>^ .1 Jl 

*1 I Inf, jLk_JI (jl J-A Lstila .-jl j)Ti. II StJJj JjlAj IjLaJ jj .pLaJI t fl iQ 

s * * a 

■ pLaJI ( (( jLk <LuSj» j < 4 *i H a 4 n.yi 6jl_^iJI 4_^.j J JLa. 4 a l~. 

.L^jji:yi ^j-4 .*■ .t-v~ ^jJI ol ijaiill < Lj-tlc (pLojl (jLic. > " •■• a. ^ jj 
«Vjl . j-4.1~t-v.a 4 i />! ’. .. aj~ 4 (] ^ j ((jLJjtJJ 4 _L>jJo 4 n in ■ 4 .^■~‘C‘» ... I '. A j 

(jJI pLoJI (Jj|-k~ l (jj-a. L^J^VI (J-S (j I «ft~ijl t'lft (j 1 al |j nj 4-aj (jt U-vM '■ 

& S i J ■»? 

6 j-A .IjLc (JJjI m i. I I Q _i i <~ i j (j;j-»- I ^yS Sj.>„>5C SjLij ' j ' a .jLij 



cAhjaJ (J j a n ^jLmuJI 4 ujaII 1 1 »i **> f ^ ** ■ ■■ y -1 *1 “4 in II 

£ 

Jj-o 4-1 ml hi i_aJjj <0l .AjjcVI Sj^at^oJI <AxiijJi jl J ^jjJI j5k^j Jo^JI 

S^_ut— >-oJ I 6_jj 34 l$_> ^ 4 , 4 ^ > i 4ial_ijl A^jii f . c.> m 

J^-^- *-4lLj <$-* f-(j^Ji\ ^ j£J -(oJ^J' <j^.LiJl 


u^- Ciljj ( u j> <-fl^LfU (*(jj^J\ 13 -a C^-j 

^j-ic. i ik \\ jJj $ H CjI j J <j1 La£ Jj iiX l ^jljj £ya ijj-il-o Ljj^a». 16 4«i j^-Le. ^ * * ■> 

t- Q dl^l .4_UL_i-OJ_aJl ^ ^_S t X SjL»j J-^^J .^^_Lja_i_ll C-LoJ I ^ya *\1 , & \_a 71 j!Li. 

■1*jIjjJ1 i>* cs>5l ujljjJI jjj ialjj uj^* J5Li j l-»_i-» al l jLLaJI ^1 Jjllsj ajL^-H J *iU>i 


.LjjjliVl 6 (Jiljj ? j"‘> I I oj&j •‘ui^V! jl^-oJt 


JjV (ijjUa ■ ■ IL" « pLaJI J ‘~ -J^ I* II ^J| pLaJJ Jjjs La jj Jja . jj <jt-J SjLijJI 

* a# 

1 j »l<* ■ .U~.ll , ' ^ I <l_3La K ...1 a" a pLaJI J « •n.~ ^yjJI < pLaJI C.iL*t ij^a. 7jj_> cAajl II 
4 fl l U I I t„\*i~i /jl i ' I c-LaJI J ~. »“■ > La, \ u a :jJ .4 1 a"l I II a C^la-J j-a. Ij IjLc. ^ ln» JJ 

<LiV ‘ L » a. ajl I » ij^.Vil j ~v i <jl In LI j) *>.' ^-fl,.l~i II IA-4 <jl .(_^l mi l ^Jl 

^ SS* 

Luj_jaj| ^9 (_^<al-4ajVI ^jLs a 4 .Aa^ u a CiLa^^J .“t-ia iiUail lisj jJjLL 1 

< aa a <vlilj ,i_o j <jjl^JI <_iuSLaJI^ j ' <<3UaU ^j-9, ' II lj-4 <ajjj <J&xa—aJI 

*\J fl iP 

^gJi (j^aLLijl jj- 4 <l->Jl..a ? VI 4 ■^— l.~i.~i- 11 j i~ ^dJ f-LaJI ^_4 SjLij 

0 s* 

<GI JLU -1 til a 1~ J ->-i~i II 1 V <4 1^9-L.Lnll Sjlj^kJI CjL^-jJ ^.a 9 djj . L’,..> jj^jV I 
1 a i.Lla i i 4_j_i_)j_^ILj| g-i jl J.?v -.VI (jL-S < U > "> a II a jl^a. 4_^,jJ J_9j_j LaJ_lc. 
<^-ll a I j'li" £U-ua-> 4 i Hr aji j--». 4^ijJ <^^^J^-aJI f- jLtJI^ 

(j a. i~t II ( jJI^ 4 .M a l~ 4£,Jjj p-Laii LaJj . Hi! -» il a 4 U i a I I 4 ftlrt'i a.ll j pLaJI Lujjjjl 

a ^ 

^ ^ l±j Jjl ^ s - 1 — LaLj^^J ^ ~ I t 4 ^ mi II Lj_A J .^Jju> <LjLs 

OJ&H 4JaijJI (_J.1I ia - J - 'w a I I LiJjjIi! (j-ajiij gJb La.jJ ajlaj 



<J I~1 11 J) ' i ~ 1 4->l u 'n > I j-A jtSj .LuLaJ Lnj^liVI j ii~ II I 0 « a 

. 4 U ...l^p i l~'-v *11 rt->l£JI _)jVl ■ ° > l~ I » > l<* ■ > 

^_Lc. 5j Uj .ii II jj-s :cjIj-o ii^Lj j_$_la jJ 5 (jjjLS-ll <<jVI 

Ij-A <3^-1 .pLa-ll j a. *~ <*LoJI ._i $ I II £j_o (jjjdj-ll 4 w^.j-> ‘ o'»J~* 

^ ^ ^ ^ 

Jj tdJj -*k a II ( jj_ijJo jj-s : <L»_jl_) Sj-jo (jVI J, ,-^ . -i.~t j jj^jjLSJI 

J_^. jjj V j .JjLu, 0-4 j 4 .1 -> j_tJi aj-A j^JI I a j U " j_3 j . J nf . i g t<~\ \ i 

✓ J O ^ * 

^_A <LAjI^jI 4-cLfll_i-aJI 6 j-A CjJjL^ ^jJI 4Ja.flLi.il (jLi <dUj £-aj • !-$-» jLc-V 

jfliTi <^a> jUJI j-aaIlII jLajl J>a (3^ <dlj^-oJI 4 -JlLojlJ 4-La.^-o (jt 

J-xaJI Ij-f-j ^UVI ^1 j-ij-i jJLsJI . j,\ r> II ^1 iSUaJlj SjLoJJ ^ ai \ %ir\ II 

J£> J <Lg-Jul j ^-jJI pi i it«VI J£kj < jj ^ ^-a — i ^Id *tVl J <ol mi II 

J 

<<U u-flj-A V ^jJI x \ i II jLitri *>VI 1 j_a dj-Loa <-a 1 (g \ II ^_a ^_a < LjjljL^l 

?5 ^ 

■ ljj| AjjljxaJI ^_,ui_yiJj 


< ! 1 J^Lj I i 1 1 f . i i-\ \ IjLoJ :J|J “‘ H *— *' J II <^jJaJL» <^$-A CiljLa-iVI (jj. 

Sj 5»,0 4 . |\I c"» . , .1 CjI il.ar 4 in ml j-> <L^J rr n m'l <SLLJI J)-a Jio JjLij Ll l If. Jj >»~l t 

0 * 2 +^} / ^ i 4 

jjji LiSli- IjjJj jJjj (djj J » 4 ~l LoiTiC-j .LHj_uj u_S jl itiV.VL (I ini m^>l J I ~.~~ 
ajlx[ Jj_o glc .1 4 1 1 n e . .Lo J -k ^Jl 4 jj Ji ^JLaJI ^ i<-ij-ftJI 

a* 

ill ) (j^t-'i 4 iiiUJL I >~il '*^^-0 J jj_l Ls^Li. < 4 jV <J jliaVI 

■yl « U II LaJ <GI in .j o ‘i II j LLa_^i. ^j\\ I (] !-«■.>'» ^Tji SjLoJI ^yt l j ' t ' < ^ 

j <Li=>.lj ^ *11 ft 11 jlaJI v j' ... a II ^i^uuj J ,jjj J L ; s ^4 ol U II ljj_t-tn-o 

j <_L=— I jJI 4 al U II ( ^Aj. i J l.Vij J . A <l I ^LoV! J ' I ~l 11 » at IjjuSJj 

,-.M ,ia 


- (]g J-i^- r t- ~ >.ll bj-Ayy. - 1~> 1 ~il J J^n^oJI ^ jLn—JI ijlj i. a 11 ^j\ 

(_yJ | jU’iILj ^ 4~i*\ i mj .iwlf^JI JK ,t,Vl (j-a LsVI , ij AjL^Lk 




(J-® (^jLLjJI liT^a-dl CiljLadl d=J 

<ATP) adenosine triphosphate o l i ... a J l ^ <-±JLk 

i Ac e-jx*. <j-° <,JSi iL II Ijjfc .(12-4 (J*s iii II 

CjIjJj <UoLa_o <-ijj) 4 -mJ Ciljj) 4 1*1 i.i ii i II j^>jjl (j^ j i </*iS (Jjj (j-aj (Ida. J »a" 

t-(£j 'y II lj-A 4-> mi i *t a ... a II j i . ^ a II JJijJI I i-a-^ \ I— aj . ^ \ \ L . 1 T 


i. J.L 0 -Lf a I \ * J_a_»JI ^jJJa-j-1 I ad i » 4 i dlj n I jL^JI -m .n II 

<6 j-i^.^1 d ...all a j_a jj| ' !*■* “* >-l I' (_j-S 6 a 11 j CiLajjjVI 

.adenosine diphosphorate (ADP) olL^ill (jjj^iul ^ 

Jla <<Ul=JI a iA <dliaJLi *<=■! '. . II ild^^fl jldal ^_S a jj a II d ol.U 11 J A* m ij 
( aLa^fl _a^_j Jet a" II ^lijjl jl .S^Lii| Jill <jj_ua£. 4 il*k dld£.l jl <(jjj>^JI (jjjSo 
S jL5l_> jXj-1 i d3 Id A J <4-SLLJ1 j i-m-iJI Sj_aj J^Llal^ SjLaJI JJ_lj (j-a g *i.‘i-i 
(j£-aj jt (j-J^J oM lT^J^ 

. ^gjl -w .> .11 dj -y, a ILi ,jjjL8jJI IdA ^ji\ (J^jLO_jil 



aLo-1,1 a II .iLUj ,(J^JI ^ .ATP) Jjlj ...411 (jaj>bj1 Si n Ml n II oldijaJI ul 12-4 

<Jj " laIJ SjjLlJ^j S^L^Jl Cj Lc. j^d-iii.A-1 } ^.ULc ^ 1 <ADP^ *ji» 1 a *.u.&JI ^jLIj 

ia->j 5 jLc| ^jj_Io (jX. <ADP ATP pLlj SjLcV j .L*i 1 -vl J ljF S jJa i 1 1 % jj 

Jj-o jJ ( 5^51 d j^i cilj "> . a . I I j-a 1 ijlf. <CjI ft mflJI 

. l^Tka-i^kj) (juft <iJI ,iaV) *— *aj (^jJI ^LaJsJI ^ Llj^ J .^LaJa J I JjLjj lljl ft uaj 

— <U~>1 a J1I 8 Sj-aj jUj (jl UIA.1 <Sl l II lA 1 1 -» II (J_1^I^JJ 

jM u^jj .ATP ^IjjV ADP _j _ Sj-ojJI jjjii (jl (jx ^uJ 

(^jLio ‘jlj^ aj SjLc. 1 J_a __A jj (_J dll J <~ I a~i II i^-jl j^a <t U . . ,lj tljuJI 5 jtcl 

(j^ ■ 4 jJl a J jAfvj a a . j U . iiLUIj SjLaJI Jjjj jjkl Jx-Lij jJb <(_jjJ5l 







mm i 


* ':lH 


j j5L > \ ->. » jjl ill j -.nil JjJjj j..*. 1 t ^ ^ j_L> SjLo I \ a! .,■•>[ ... < J-^... V > 

. 1 TiU-il jij'ij L j^> j_saj 6jjjj ^ ja_i ^jJI ADP jj- 0 ATP 


^ i i<~i \ I 4_ij5C" ^jjl ,-iM-C. U'; I I <Lsk.jlj.a_i (jS-i-i j i.v-^k, l < 4 <n 8*1 j»L»JoJI Lai 

1 t * 

dlja—a (_g jjl jl 4 ill » a i JJjj qI^jaji < 4.i II * 8 jJi^l 4j_^Ikj 4 jjLL_j Cil^jsvx 

.-iMf I a* II I jj L ^_s La j . <i~'~>j Lajj-ij ^jJI LalLJI jV <(j< m . t i l l ja ^jlA_i 

*» 

j_aj .photosynthesis ^_jj_uaJI ^1 \ . J-» J_c.l_LjJ1 jJj— > ( _y-i-JI 
I jil \ j< L j 1 . V~iUs»l *1 jjli <ljj .s-LaJlj (jjjj^JI S \ ■» . < ! (^Ui j_a Cilj. \j a jjjSUI 

. lj 

Lajjj .^jii o HiJI , L*_a (_jjjJI jkl -k* II J.lc S JJ -k a II iSLLJLi (4-iL^jJI .jk <4X.jiXo 
p fl 3 fSb^aJJ 4 tLo L^i-ua jm a itt 1 1 jv^ <<oj5.> (3^ ^ A ^ ^ 

jl infill <^j^k nil 6^SJI l^l I 


^ ^ 11 ^ju l ,„ V I ^_Lc frj) 11 la.il mj 6l xu ^iAJI ia n .> J1 ^jl 

LjAfl 4 j 1 ^ c. Si j II .^jIIII ^LUI i j_6 1 iAjI Jlliij <2 J a^v^.11 ^_a 

^jjjLluVI ^ ij 1 d ^ ^ a j— o jxjMlU 0 . x a— faoJl (JS-ujJI , \ A ~t \ 1 <cAA 

SLa II j-oHjloj^ .Ifl LLJ I J . ~ »1 * ij ^ 1 1 jjC Cjllnl uitll ^Ll^yl SjLcV 3 7 ^ ^ 

(jojj j > Li II et 8i,i^U Lxoj-i CjLj-j j.-y 1 1 ,_)j lo <0 a Jl Jlj ^ ~i II jV 


<j 1 » n a I ~k Til jLolcI jjJ 4 _i£. 1 jV f\ ia£ (Jl jsaJLll ■ L^J ^ n <11* CiLioj-aJJ 

.SLi-JI .SLl^JI I (j *< » 1 » ^aJI -il LI .^1 ■ II j_o ■< 1 L « II ^ 1 1 11 1 11 iia &LlJ clJjj 


■jiaAa JS?^ lt* <J-^VI 


lj_a ^ A 8 « •• * » .« :jj8 <Lta.fl.li.l I a j_a LliLajl J a a 1 ^jJI jlj < « JI Lajj 

is f 

^1 i<~*J *it (J-A jl ‘iJjVI <5UaJlj SjLaJJ .LiAiTJI 

*■' d“‘ «l » (jJI il^.VI Ch°J <Jj| jjjl jja Lu jjIiVl 1 j 18 jiajj V 4^.jJ 

(j£- LaJjjojVI < 8 8 j* . cilj j <il Js^-SU ^ 1 ' . L II ,.\a 1 1 1 J a •% ~ II al ^ ViVI jl 
jj-aVI o-iLs LaJ . c < ' < f . . jjiJJ heat death ^gjlj,-k II cjj-aJI ^ « m » <j_iljjJI 



'jLs : I g -4 ■ A , 1 i a*i £-aj - 4 i J l lltj *%— > J 5 Sjjj (jJI J ‘ *-»1 ui 

4 ~ jl ■, | ) 1 HI J_ojJI jT lid jj-Ls-i jis ‘Ujlj^a. Ci^J-aJI ^ II X II jj-Lc. I_ 1 ~>*S 

* o-i (jii - (jA* i.> l$ i^i» i ^.ji ii oijjji j .^ij~ ... _ j a ~ , , , ~ i ' i 

,4 . a > a ^ aI 4 -»j_U‘ CiM^I p\j-uj <4_ijLi_JI . *■! *\ j a I I ^1 . ■ Sj j liTt <Loj 

jJij 4 j ^jij^.1 (_£jJj -<ilkJI jli-4 '— 1 L ^-“ * < J -adJ I i S-Sj"' in 

jLi i(_^r»-L5~ IL pj_iJI j\ II a. Jl jj_Lc lj[ 4_j| ^_s Jjj; -^1 -> i ^_a j 

(jj..l 4~i * > * (j ° IjJ .ji <«~il q i n-Yi iii SjLaJlj 4 a l U I I f.|_>A4 i (_>Ci Yi" m Luj_pjVI 

Jl I— XXOJbJ ^Jl 4*11” I <L-uj^L*_o jx. 1 ^5 ^LVI elL jj) 4 u!Lujj <j.^Au ... ^jL» 

OjxI j*JI-C Ij-a So-jl^i-o 4jlj_lj^_il ^ t i ^ i * L^J U-8-l^ 

if ** 

. .u.v^ ^ jL^-J 

^IlJl 6 JjLujJI 6 j^lJI (J^5 t «V,jl ■ Ci II -t^ral^aJI (jVl 

^J-O \ <jJ jJUJl LaI^^A j <8 1^-AJu^ILuA JLU 

* 

(jj-o-fl ‘l *j .Big Crunch ■» . u ■« II ( jLa_uijVI j-o 4 - 11 ^. Jl ' 4 " \j 4 _mAj tLilj 

J-a JlX n.j 4 A I ^ *» V (^j-ojJI j.X r. Jl a"v-J J_o J. I.A i Vl I ' 1 1 <*■ <4 1 1 n a II 4 ^..-x^Jl 

^ylc. jl ~|VL) l«iJJ LoitC. liiljj <1 ^AJLj J aJ I Jj£. jlj t^y-jid. ft jl 

^yit JjjjLS U 1 l-i. lI c.j ij'sft.ll i jl < m*s"> fjJilJ f-L n J « I I < 4 _uxij 

< I 1 x 1 ft ^JLaJJ ^-o^HJI J. >.^*1 1 n-ft ILl I a 7 a I I <Jj_mjVI tlLfi 

6 ^*) 

Lo «^Lj»_A j\ $ \ \ m jJljJl Ij-A ^jlj <|JUtil XoVI ^JojiaJI J-iJU-LU-aJLi 
9 1 jjL&Jjj ^!iLfijjJI J_k£, <^JUljJo ^JLAJ-LaJI ^ t in Jjh S dll J jl W V-t-u 


^.Ic. jJj) R. Penrose jjji± o\ 

<J Jl <>~«^ l J'-jJj ij»JL*JI jLtfjl ij-i ij-"-*-^ (1931 

Jj_o Vj-I JjliojJI 4 ^jj J-o ^y_ui^jiJI t-tti’ll .'4 4 <^^>.1 .Li_>jjHjyi 

< 4 _ijIjjjVI 4 Jtuv 1 II singularity jjiL> JJi* 4 jl . 4 1 U 4 " (jill J j iSU ^ ^ i « j tc. 

t 4 />Lg ~>ll 4 U-. I ll j^aj Cxj^ u 1 Jl ~> I j >~ ' ' 4 >*0 >Big Bang ^ i U * II jL>. a‘>yi 

* * 

^-cl 4 tli.i^dj ‘(13-4 J^-iti 11^ j 1 JjljI J i43»~i > ^ <“~i‘> 4 U o'. / <. ■ U « II jLa^mjVI ^1 




1^1 n-*i"l I 6 J-L2.VI La^-abl jj-S 1" lri» iA*il Lajj ^jJj-aJI isliaJlj SjLoJI (jl 

4-i.t i JjLs <4 i*l '| 1 '~ ml <La.jjL_> 4 jA L i-i-a Lujj-iil La - flJ jl__a jJi (j-aj <6 lAj^j 4-la..fl i 

J_i1 j_y-S jj-aojiJI Ci~. i aaal 1 J.i4»"ill _jA 4_Li (jliLsj ^^jJI I j il*\ aj 

l^a Ljjlj-i J ■ ■ “ Lu JJ-uVI (jLs IjJ 4 4 1 4.1 If. Cut-£ L-a 

£ i aj jjj-a -1-*-^ ‘lMVI (j-Lc. <jl) ol+jiUI cmI^ ^ .ol+iMJI 0 Vl 
Ij^Jj JjjJI (j-ajJL £j-a.jJI J-lc. LljJ «« ■ H ,j-« Lff^LJI ol>^iiX. 

.singularity 

4-H-i.u^j J-A (jj^JI (J-1.3 j-m-ftj Jl <1~1 ~vl (jL-S 4 I If. (jl^ I fl j n j 

* * ** 

J .<j JLa— a LajJ 4_aj ij) 'j l ' ... 1 1 I j_A j , J jia. jL 4 .J > a a ■> t-,| x J->1 j~ a II 

<^L-il,l jjJI a I J — ~ o J^-a-naS (jl SjLaJJ jJj 9 _jJ u ' j . IjJjULi SjLJI j <L3UsJJ 

ft 

<dlJj £_aj .4_li_iiu j»_aaaJI Jjljj £-a I i-\ ijjj Jjljjjjui ^1., * , ■ii i ’^l (jLi 

^ j, 0 s H £ 9 ^ ^ 

J. i a"i .i (jl J t^\ 1 ml ^Jl J j| " " (jl SjLJI J£J jJ- 5 I jl 4_j| 4 L4.i-5.aJI 4-lSLLaJli 

(J i4~i mall i (jj 4jl C.u .~- 1 <4 iflTt o j_l£. 4_La. ^aJI 4_]|^Jal q 1 «->"> j i^L-iiVI 

_jJ La^ jVI 41 a jJI j-Lli 4jLi <<LSLla (jjJ Cu-a -lp-m ii-a (jliaj (_£j-lu ,Uj> ill 

*• ^ # 

J^LJJ 4-aajJj) mi*\ II t tlS-ft IL pUj-laJI <jt Ssj c jj£Luj 

j n n Lr^^ - '~ K ' i ^ ^ K Lc J cJI^ 

UsL£ 1 44 J fdlljjl ia.jj am ^ jJI II fiiLLJI iiliS oL^.^-aj 

i 9 % \ 9 ' ^ 

.^jlLa Jlj-*xi IjjSj .Ijja. 5jJJ$ 4 - iKI I LujjjjVI (jl jys (Jj jaJJ 



ij ta- ia ~l l (_j.ll ( ji ^- >~ia lj$ jJ (_,!». .1 3“4 JiuJI 

,j_« j-S j-1-1 VI L~,-.i-1ji. « <Big Crunch ji A a 
(j^yELII f-J-J ^a-fll U.1L> f-J_x.ll 

jjjlaJi j»Lf— I Jj^-j iwZaj j .(j ^iUTi lL 

singularity aj-ilJI jl .L^jj-UVI ^ 

j>Ut (> aJUI ((>^11 (ji) (jjL^lII 

b-JJ-M-ji (jl-* (*-a O-aj <(jL*« ; iJI (ji) (jjIji-iVI 
.(_^iflli 4jl Lajaljj (ji^lji (jj^^ 




0^ ^jVI <1 a^JI u ' *j ‘ “ f - <ajjLJI 

IjJLlI^ <LujLaJI jj-S (j >1 ~ .‘r. *« >1 <_j^jJaj _ <LoLaJl d > > ...*.11 (jj_i A 4 ij i A < U «1 j 

^Ij liil J jja. j Jl n~l~kl pLIi~i.miL (jjjliJI (j^jLill j _ j 9 j i/iflll I () I »l a‘. ... 
(jl^ajJI <>*u.i j l < V<~l IL Ijjj Lojlc. j^-U ajj) d im n <iLijLa. <Laj (jl J-U . Luj^pj^l 
Iji <j| ^ T. Jacobson (j^ m i.^l -v jl (j- 1 -* *1995 ^Lc. .Luj^ijyi <jlL 

£-0 <<SJalo Sjlj^aJI (J-k.Ti (jxa. I J ' ■» " ' < 1 1 » "will (jjjjjjjjl^ Sjl_i£, L......PJ 

<d a iK II <L5JaloJI jjl 1 m i i i II <La.LuiAj Lj I <JjjLc ^ If rLaJVI 

I t- i a aJI ^ L ... I I , j jj.a_x\ I j_4 j <1— ljj-b (jl " i ml \~> n A -kl m n II j 

(j C I 0 I bun ^ " II <jL»j-LJI Jl. a'l ' \J ,M~~ (jl^ojJJ d , I *11 4j\ , II jLi 
(jjLJI (j^jUJI (jLfl <(_£jj1| a jl i» ^ .4 _oL*JI < \\ mill jj-S (jjl~i i mi J 0*^jL»_a (jjj^Jo 

lioLsJI A 1 1 ...\ll ^_a (jjl~ mi il CjVjLx-o J a i 

(jj <j| 111 L I j I j jl 1 ill i *l j a I I (j^j Lijji < I . j 

■<j&* J* 


u * ...^11 j-c jilt JjIII j http://xxx.lanl-gov j_5 j-JI ja.Ja <>c i_=^JI I la _>>UJI (9) 

.subdirectory gr.qc. 





L^k cL-iiVI 4jtjalaJI *t o ol jkl tllij £j£. aLLUI laxaLm 

9 t- e s 

L yJajjZjl 


-Lu^-aJI c-j) "■*■ 4 ^ u > (_jj.ll j-JLlll 4_ta._)LiJI j-i>l t-i a II Ljjjj Jy i / n 

jjJLlJI Ij^J <uiAljJI cjLiiSflj <(_)^jiLl biosphere j. . ^ II 

LajIjj <i5LlaJI ‘j ' * ' i V 2u II lijl j a IjlI (jaiLlliVI 

(jSfl . . . .entropy ^.jjlj-aJI LjjjjjjVI <*!» %[ uii^fl j^izz IjLaJ 

(j-o JlSjjVI >_fl \\ lyy?A-a > Ijjj <£_culj J 1 AJ~\ 4~ i jjJuJJ ^jUI (^LluVI 

■J i<~il \* H ^jl d I .a II 

t J ° } } * 

Pjj— i Jil. Lfia £jj£Z ' ^jJI SjLoJI 4-XJ-tla ^C. A-laJI 4 1 Ju a » ^jjl j mil jJt La 
L fl .(jjjjjl ^y.iT».L*^j-a j-lc. 4 i n A y I iJLdl Jl^tuJI Ijjfc ^£. 4jL^.VI Jjl A *| m S (ju^ui^-A 

(jj jJjj *!if 4jkJ _ J; i» i <n ^ jJI J!>JI gJLa'i <n . J,./~iaJI I jjt £^j-ao j* (LaJbVjl 

jJjluJI SjjJI a ^ |j Art P jp iti t r-' jJh. t ^ A_ll j i ^ *%. Ia < lj ^ jy i j 1 1 a ^j_o 4 _jI — d ... a * . "i il 
CjljjJI dl^Li_al i_j- 1 _auJI c l ' a X 1 1 jvlt I (| 'jl ~>~ » jj-liJI J_i_pC>Ij_oJI ^ » a -a. 

V .chemical proporties CjLu^ oLL^U. l flj* 4 o l~ ^ a ,-. t_. a 

(j-JJ J Ml-S II cl > A 1*C II j| j| .cl 1 A t*C II A U 1 Jj I » ~ 1 J a |j_il jl 6 jia 'A .~. ..." 

(j-0 j»-C._>JI <6jJ inVl (_£ jJI oljjJI jiJlc. '_* 111 ^ ‘'kjjj c? jji jl ^aJI jJlc. 







pLi-a '*s 11 £_e IjJ j Q Ij-a Jjl ^C. _ <LxC.j_a La UU (_y-*-N - oLi^^UI 

LaJoX. ^"-x I l lac. J A* <j[ ^xj <|JI a'X-ll J <£.JjJI JJ-S <jlc £^_j_xo_^a LfjLs < j-mjj-ajl 
Lj| j .<LSLo£.| (^Q Vj-J ^LaA J « 4*1 Led) ^l_>dJI <_tlc j-o-j 

<^xdj U ' -V ^ 11 j i JlaJI ^lc x *\ ~i ' f I I J ~w " a" ^d pi 1 A>‘\II 3-“ (J ILU^ jjjj jv i,.uL*i LiA 

* ' f * * * s* 

Lei .£^jjd^aJI lli j-un i I 4 \ rtf Ijj » jil i4 -m 4*1 CxS ^Jl { j3 (jxdjjJ 

^ * s ^ » 

jA J Jj-a-C.1 ^j-S ( _ > ia j) a. i.) CjljjJLi <t a.l.«*i a II d L ...II j^pVI d^V' ju 4 (^JLxll 3 i«n 4 II 

$ s / y O 2 00 

dJjj (LL*. SjLJI La f^i al ~w!,- dlj jl dj -x" *i 1 1 Ij .ejLa <,u m*i La ^xALia 

2 * * ' ' s s * 

l-a x.4 jL> jio pVj-A jd 4 jJ 4 .(jLj pLaii5 Ltdj jjlfc (J lux Lajj >_> j) 1 i a il-» 
(L^j-e a .kdj jjl Jjj-Lj > I 0 ~ * J ■ L . I a~~ <_£ j'tILe ' ^ ,-.l i ,Xj a I j ^ \ i j tajLaJI <LlLc. 
(LaLttJ lllal ->■ jXfl~tl jAH 1,1A . d.- > i -% _j^ (jl J A * ^ ' <JjV1 l _^3 

> Ilia (jM '->d A J ■ jLajxVIj JliLa-VLi Sj-iyLa. 4_jLa«) > 4 iti^ 4-*i^ 1 

^ / 0 

S^flill ^ j ; I Lj ^jJl .3 500) Thales of Miletus J^iLd-a 

ijA4 (JLxaJl ^JLc.1 ^4 d .j-v . <_slj_ual ^-Lc. jjX. I ajif ' j ° ... la II Lai tall 

JJkJj .pLaJI 3-° LiJ^ 0 * 'I lj-4 (_j-S (J^ (jl 5-1^'^H (_jJJ ‘ J _ t.i. 4 , i <Glflj 

(J^ pLaJI £yb Lli*_a.j^ 1^ ni4*i a j-4 CiJ JJ < d *i ,i 1 1 i_L1Lj dJj 




}U 


f(>^ 


5 ^5 Lfrjjc. ^4 < A t i(jA» ill _>Uj < (j — cA>^ — jjLadxa < alri£ . ^1 

^ 0 S Q ^ 

f-4-® LT^l jX^jjj-uaa IjjxjLI (jt Joj -jiLjVI aj-4 ^j-4 ^^1=^ <UlLe 

. jJUJI ^3 jl ^j-aJI J ' "■ d~ I a j al K jJlC. S JLxax j a jLa 3 ^ l^)j i ~if.lj j) <A ^-aJI 

.3 475-540) Heraclitus of Ephesus ^»La\ 3 ^ a »kj LSI ^.a j^L jJ 5 j 11 a 
^ j » Tl . l 3 -°Lt l)-* al 4^^ ^1 ‘(j ^^ 3 S_>ii (Laj^IS .j». 

. jl j.a . 1 1 il-xuL^Vl j ^Lij-JI ix. j o -% a ^1 jlljl (_jLuit j .agent of change 
^LxjjIj . jx .3 432-492) Empedocles (jxxlK^.u ial (_jtjjl La 

Jj V jXj 3^J ‘ la 48 jljJlj pi ^^Jlj pLaJI {jA < xLuaJI jl J aJI £xS& 3* (j^ 

Aj P^— UJ ^jL J ^ Jq ll.7fc.ll IjJb <■ fll lAli J Jj-* 


.30 <j VI <pLajVI S^) i _j-pu (1) 




JaiajL-aJl .^-uq 1-V«.1.I lj-2w .1 “5 J "> *«> H 

^-wallaJI dlt. .~> 1 . .S-sL-yJ l 1 iJr \ .1 pLod2 (^Lcut S*&* 

tj\L\\ ju^lfll) ^ llvo l*J Ij^: LL^JI U .1+^ LT 111 

c.-^Vi j Lie. ^ ... aA. UU-^ nil 1 ^ • a~ > 600) Lao Tsu j ■ .■“ j V 1$ ...» ■.»! 

- » 1L o <SjjL> <<jJLlaj f^ojl) yin ) yang dLU joj ^IjJkJI 


S i 

£j-° jJlij .(1-5 (J5* *ti 1!) pLJI j ^>LlJlj Jl 

^u.,i.l < \j, \ i > <ol Jl^jJ ^_Lc, ^Li_»jJa3 . jj 322-384) ^A-iJLlaj) U < nj! Li_>jJLj 

j aJULII <ii n ^_Aj ^ 4QjVI 1 i a ,11 f . jj'Lij ** * * ^JLaJJ 

J, u^l *1 f . <<_lul_iV 1 j— >jl O HI II Sj-i.1) ^j_C 1 nl — Q— A Lfl-Ll A <j\S ( (JiLa*-a-i^Vlj 

6 j£JL J)U I \ l^-i-flj . <->jl-^.j.i1l Zj£l\ ^ ,AjV | jjlsll 4 _AJ^Lo CxjlSk 

^XI^U. Jlla^L i ..^1 jl Jl&S 4_>wi-c^)— ujJI <LjjLo~c*jJI 

«= i* " ^ '*" /w 

.quintessence ^ ^Jl ^ <£-oA-Ji 

x» ^ ., s * * ** 

Lojj <<jj «~i >r. j£j j%J jl^oll ftjjt ^u^i, jV I P >KI •■». Ijjb J£i <^_>LJLj 

<= _, * 

iLu-ijaJj 6J j2».j j-o 3 a ^"-1 1 j^-a-i V ‘ j -ilj"aVI pljl « mil jJh &l*«*>~ ■ ■■! ■ 

(jl 6jLta (_jjjl ' * j (] a ^ II J. J .-111 4"l j £ j . 4 ^-1 jjiJ J-i£- La^ 

lj_4 JljLaj <4 i a ftVI 4JLlLi 4 .->a-> ftLfl^o la a. '4 t-l .... II j^o I .^. *■ . ' ■ a . ~ II 

o ^ 

t-v II jvlxll ^ i /i i «~i g& j a\ i ^ jo a a II 


1 4 Mil ‘L2 t .j ~i l. n .JI j <ol \ n II Q.jl^ jlj <j_**»Llc. Jjjaoj (jiljjjl jl 






1* > w 

Sj-aa_uj-a ajLaJI J-A !j-Aj J i<-*i II Ij-A i_l! i l (_£jJI jlj) m II ^jJo 

i , * s* " S- 1* „ 

^ji-a-oJI (^| 5 jLu_i j ^discrete Ltk£La ^ continuous (ILa.ia) 

(jl ^ ‘n a j <4 » K 5 "i -a ajLa.ll (j| < j a <«~>1 ald-=d L»L^_jY La ^_ll j -i^-il i X II 

LaJ jJb J Yt (j^La.J V (_j-l) LI j *i II I'lI in 

d at " II . J| (jjjjLi J-JI LaJ jJLs / I i JIJ^JI lj_A (jx. LLaYl J * a " ■ .• A '1 

<aja ^,1 .lijL-ajt ^ J£J <J T i A~J Ij 

l-jI ^ r.YI ^Jl £ jjj < A IL» Yl i— txt-i <LjjJI a^^lLaJI (jjjLa j^a 

i-.il U (Jjjj Lu_>£ Q Y t-L." ^-lx. 1 Ki-Lii^a ja-fraC. J (jl jllj < >, ,1 -iJ|aj 

.<SjJLaJI (^Jjt ill *■> J I jl £^alaj| til LaLaj Lj^jj _J-a L^lLa ^jVl V LeJS^l^j 

* g _ i 

jjJ! Y^-a^_J d j^ll ( jJ[ Lij_aj S J jaJL lajjAa_ail J-at-jJI jLuxa i_i a J>.~t Lia_ui^j 

<(1^*; •(>. -J 420-450) Leucippus of Miletus JaLtL-a <> 

x' J 1 i* ^ i o ^ 

• SjLaJ! L j ■>- ~ Ld-aX. t 0 41 \~ Ciljj f^yo <Sj) < L n 1 ^ il < J <4 » II i„Tt SjLaJI J j 1 ^' 

LI aa I 5-lLfj «Laj (jl£ Ij) Y) SjJLa (jjii (jj ajLaJI (jl (jxjij mjJ jrLa. jJjj 
(j-oj Jj-S ,_jJI J-a&j j»J lj| <jY 

1 j *'<* Lax. ljo> a in i Ciili oljlli (jx. (jU iilllj -J^^ 3 

oljJ L^3 c ^3 ^ ^ 3 ^ ^f)~i~l 1 1 4i ml j (jl i, *3\ 

^ a 1 11 i ; J< a I! 5 i La Cj— uj^jJ ^ a a a II CjI^J ^jx. i ^ 1 ~|-?V i 6jLa d^ 

L^jt ' IL-a j <atomos ‘UlULi > j ^^L a i Y pL>-4iVI o-i-a_ujj 

(j-o (_^iJajjJLa-iJ <fj a m'l II 6JJ t 1 3J-^'^ jJI .L^-aj_ujXj Yj I g- S!» d-a-a fj &- aj Y 

.-• « j <(Lxj>JL 3 -j 322-350) Democritus of Abdera Ij-jj-jI 

d i 'J oljj 4_ai _%l < 1M til .; j< a I I jiLijiail J Q-.r.l J-Sj .((liLa-LAll i_jl JL»» 

(jix. 1.1 a'lJtJ <Li1j d^~ * ^-1 . pLaJJ ol j jj <^t loJL-1 1 CjIjJj i^xa-&U Ciljjj <i_i.> .1 % II 

p *> ' * ' r . 

(jl (_$1 J XSj .j- jj-llj CjJ i«~i 1)j j i«-i a 1 1 Caljj Jj^a.j iL-aA.it I U <<_ij_^JjJI 

i-LiA CiljJ 1 -nl. a j <Lo-i^L-o olj j 

• JV/mll > xLUxO^ 41 . i.l 

•r l_j-i] p A j a J lYI oil' a'l » a La J h L a j-a laj_a. jLS_aY i a j-A O *‘l ^ 





j oi\ A. " ml (_5j-.ll .jj 270 - 341 ) (juj_al — uj (j_ a Epicurus jjJLudt 

* , i 

«<^JVI I ^-la i A (j-aj «*LiVl cul^ LU <jl JjUL> dlljj <<Lil _>jJ 1 i* 11 ~i 1 (5 j ■ 1 1 

.» ■ ^ i. - “ its 

du» t" ^jLaj 1 *»1 j < 4 jJLi-oV Lj-11 < ta.~u. i (jl^ jjIlJI _ <^JV1 fi <c>ljj (j-« ijjio 
^lc. < iAa 1 .la .1 <1 a. f j » (jl J-ij-i V (j-o (J^ j.fi.~L-v,~j < < ‘ij ~i 1 -aia II j LiojJLi jjJt-141.il 
(jlj Ij-A .{j x ' _■ L II (jjdL.a..LJ — L^ j-° 4 -iLlJl a <(_jiiLlJI (jjj_ii ua * 

<< « " a II I ■ A j 0 : Jj 1*1 nl r.J *1 Jl 1 n SjJtaj (_jJkj - j»JL*JI (jJI <U j jfi j _i V 1 SjiijJI 
.atomism J-jjJI *_Lj>.uaJlj <^JL*JI ^ j II 11 SaJJI (jl (_5j.ll 
< 4 _ 3 jJL-qJI ^Luil ^Lu^VI CjI^) — oljj (>“ oJ^-° pL^ll uW JjAf 
CjI jjl! d 3 » < * II d ■ .mc.VI Jj_o d_sJj-oJI jj 4T1II 4 •> * ‘ * £"jjJI ^j -2 jJjj -1 (_5 jJI y I ti-i ,VS 
4. < \j.il <j jj.ll S jT> i 1 1 *j-A oj iti~ tl i 5 _j .Lp u ..-kj (_y-j -11 ptj i~iVI U j.i 4^1 1 (_yj-ll 

LfJ f-La. <ajI j (j-ljJo ^c. Jtliia (^-iLajj j J 4 d -J (jJ m- iVlj 

^ fi fi s * o * 

i_.Li£ ^ Ujjjl (L^jii 55 - 95 ) Tito Lucretius Carus J-jjlS ji 

*Ljju£JI ^ Jjl ^44 ^ v,^) De rurum natura <d jit 

** ** ^ 

s S ^ 

SjLc .1 (jfL! ijJixL. (__>u-oLiJI 4jj-fi.ll jjJI IjjjLix < II Ij-A JJa JJj ■ j-ijl_ij 1 ttJI 

#» 

1- 1 A S o II jJl ' i Sa> (j-o 5 J ijjJI ^Jx. j ~i 1 J a- II JjJLsJI (j-o I Jjj-o ili» ^ m <Lsl 

<(_5j jJI cj-AJ-oJJ (j t^-ijLiUaJI J.itil (jjj ( _ > ±uJLLjJa^uj1 a J-i-eJjj jjjJajLfil jjl^ 

S S # 0 q S ^ 

jjj/i * II 4_j.fi <j-ajL^-aJI 4_j_ A ,-JLjlJI ^jJI <Sj mLfi Ciil^ (jlj <<_i j 4 .ll ^ ^ ~i jJaj . ~i il *\j 
jLaJVIj (5 jLaJI .- I A J o 1 1 (J jjJI jjVI lJ \ <(JfiVI (_yTc <» 4 Jj J JJU (jlSij In mj.ll 

j * * yl ^ * 0 ^ 

Li A J all (jl _j.. > II LjL ,,.J{ jiaj 4 j J.J CijlS . <Liial jfijjV I da ... U II j_^_ » ...~~ ^jjjJJI 

(_5j - lu llxi ^ -k ~ . 1 1 1 V - <c.IjjV LsjLi. _ 4j_1.fi 1". j J^ljjjl Jj^~o aj'tf.l (_5 jJI <(^jjJI 

tfi f ** ** 

jJLvll I (j ' ^ ■■■* ‘ ( _jtLi f * d . *1 X II d . . .. ^ II d .J J ~ II j....i‘l ^_L^J V 4j|j (C-ljjjjfl 

(jl ciljjJJ (jl^ 1 jl Ljjjj-^> (j-® <5 jj -( j-fijfi I I 

CiUjLaJI (jV <djL^ (J^jlj jjl I j *1^ a i V <d_ilj_i c J| (jV < d 1 » I _ — ~~ 

jiajl) L fA fi j j^a-d Ld iliaJj (jl j.. ^ . I I (j 5fi . a .i (jjLxuj (_jJI j fit fid 

• (3 J^iJI 



jxj£| Q.2w i^s (_yu i lUa^Ja-iujt A J)*' s S ^_fl C»->K jJLi 

j> 

.<1^, ^-Lfi Jl^lo jl^aVI ^y> J^laJI v - <jl f i£ j ^ . fl Jl 

^ifcLuu, alchemists ( (jAijl UO i^JI^ <A> jSJl pi 11 ^_fl ^J. \ |,X*Lju | A II O' l*nn jJLfi 

s* £ 

<l^.j l ft P tl C. Q ft-Qj) i^j-2*JI ^-5 oLf^ J 4ji *Sj-alLaJl ^>-LC ^ <J-l.iA..g. II 

c jj-flJI t i .iii^ ^ ^JLauJI ja^_Ll i fit 1 *v..\ *i c. idLlj jjl j .^Li^Jo lo-oj pLij-i_aJI (■>. I r. 

<^in 4 41^1 I ^ T,. ■ ■ .) ^uaj ^JlJI 4-jJ.aLjJi pL j-j-flJI < LxjLxj J > J ui II ^J-LaJI j->.af. ^-jLluJI 
fcjlisl <L^J J-UJ Lukj! lj)fl.uM^I ^jjJI ^cl 1 A i<ll ^_fl < l-ftl » II ^ jJ cluJa> 4 hi Jl 6 JJfc JjLfl 

4il^ (_£»UI Jl iijIjaJI n/t ^j1 ^JUJI Cy* Lu^.a-i 4 jI . <jL>Lxa-i^JI 

0 0 £ 

_ LIjjjljI ^IJI o! j^1!I <j-° Jj j Loj - g^JLL j h 

((jJj^l <1 ajJI ^ jJ < jjJj^Ai J)!\ (^1 l ‘t^j > U 

jL£j (Ll^jI 3 j < *■ >• '< I I J J-ofoJl jjJ-a -l»_i jL£ .4 Li La. 1 ) ^1 v-Jj-al 

(J-odJJ ^ j,. i H Uj U , . . j 1 * I a.n ~ ml ^yjJI S^SJI (_y±Lx J <J-oLjJI L v . i" -t.^i-Q ^jjJI i ft j^a 
j-LbLLaJI a J*\,t-fi II ■ “ >1 ' ■ J a II Ctjl^ J-&J I_u AJ a -L I jLA^JI <jJ t j-Jtt JJ-S 

^ O i* 5 0 !? ^ 

.Laic. V <<_lLoG <i-cuii 1^ K C.ul^ :<ij-wa 4 _jl1xoAj oljjJlj 


CJ-° J«^ a l tfSjLaJI j t t \ k ^yi\ j <i^JLLxijl (^jJI 

/• ^ ^ ^ & s'* 

o-jL^ <GIj ^uj) a II 4 jl , i ,\ i-i Lla .SjLJI 4 \ li-G ^aJI o_a ^J1 

<M 6 w 

(jL^ a * <J j ([ ■ m 11 jl jl i c l . A ^ H j,,lc ^jxi ij rt 11 cUj j-o __vjS! 4 I I ,A n 

I 4 -U-I j 4 » . II q -i^ral^g-Jl j_o (jn >J 4_j| j ' -t . jLcjJI ^ jl K -a-lLj jlAX.^1 Ja->j 
SjLoJI 4 » ■ 1 U j‘C~ j jj a .SjLaJJ jjajL-o-i^JI Ls .j aC. I ft ' a ~ . i ^ ~ II CjI 1 «-»l.^ ll_» 

SoiL«l-j -}jy n j-° 

.(2-5 ^ *s mi II) jj.1 II I a. I ~ a a j_S^_> jl j-> aII jl j ■> t ~ 

fi 

i^lc. j i*n 1 ^jJI <(1794-1 743) A. L. d© LsvoisiGr 4_ujl^j*^ jj oL>,>^ 

^jJjU 4 JI o»~ ml j< A 1 I * i<~\ \ n jljxaJI rt .1 «r>1 <4jjJjaJI <■! >.a_\^.ll > >1 ^-<ulj jLbj 

- , . =» # 
jl jj-xdl JLojJLjluI j^-ol 4~l l lj (_$ J_>J-1I j-a .SjLaJI jIj-ujI jl-ax.! (_j-S 




<U * ■ ■■ 11 -v. i < lLqjuLi_u 1 ^jJl dJljj 4 j (£± klft \ I i -2-5 JSJllH 

j » U \ 1 1 ^ ajJI Lf ^ Jojj t&Ljj* ^-ic. Cy*j <SjLoJIj jl-i£.Vl 


a 0 

.ejLui^JI jxJLc. j*s 1 a o <1 iM t .a II oM^LilJl jLA-^Ij <6jLqJLj jlj-c^M 

^ ^ «* J ^ ^ * 2* s ' 0+ $ 

<dljJ 4 ill j j .Lauo Jfl ^SJI jl j-oJI (J^S i.\ i,. 1 1 <JLaJtj-ioil ^ 

^Li Lo^j <data (c,LLJI) oLjJaA-oJI patterns ^jLo_a oIjj 

.oL^Jalll 1» II SLx^. ( ^_a ^aUill 

6^)?* iTi ^Jx. O-aj ^jJI 6 ^-alll ^_A Lat-o >1 ajj ^1 j-uali*JI ^ J^-oj 
J. Dalton ojJla -oj-lJIaJ atomic hypothesis <LijiJI < 1 ^ j-iJI 

jl£j ^^-Lc I Ls~ ja ~ 3L ~^ LjL As tic. LLjI (1844-1766) 

22 ' s 0 s & $ s 

JjKj . ^ j a r ^\_c &J 1 m r < t tl*t II jjl^JL. UD J)-A j ^y_£ I a I a a J-&C 

<LS_)J < J-i.u <J (jii |*Jj ,(Jj_i*sl_SoJ1 ^-4 6j_iio jjiaSiaJJ 1 J -i^~il j LlojI 

La_)^j .(j.i .1 ia\ tl_ui_o 1 (j / njLa-i (j-jJI <_iJ»J (£j-lu d ■ ■ ■ j j jjx. Lfj 

Jjt 1 j A.'i ^yjJI <-» jlV'lL 4_JI ^JlJI CjLiUaJI dLljJ <G ^1 j Ciil^ 


/JjVI a>*^ lt* Royal Institution ^<LII j$jlJI ^ UliH 5j-^U_o ^ 
SjLaJI (jl ^yJ-C. .1807 CjjJuI ,1803 r U 

iV jl / 

^Ja_*_o j . ^. ~> f Ciljj ^ i a J j ,La J uj~i Vj Lfi (2)-*^ a .i V Ciljj (2)-° ^ ^ 



j ni i 1 4 J^-Lij (J-® C»ljjJI 4-|jufl.~i Lo J^ (jlj '<< a >1 L". >. 

J3L n '*s II (jljj-oJI (jLs < La j i o" < 1 ~l\ Sjj J£J “'-jl * "'1 ^ Jl <t « j o a « 

^A 6JA^ . U ol^3JI __). 1 3» t 1-Oi.U.C. iN,.!^" , ;...!) I ^ lVs II Cj1_joAjJJ _jA 

Jj_>i-aJI ^Jl Jj^^Lo J I (j_e Jl 9 ~l lj/1 (Oj) I * .11 < 4— uijLfl I (j 1 o uju t ^jjlll SjJa-aJI 
‘ " j>^-°) <j j 4 -y ? (s S ' iM n (*>4-®-° .tansduction 

<_L»l_5 macroscopic (lu^ j_^La) S^Ljx. i-- 1 ^ o-° microscopic 

J i ^ j j.i e>i LjJ i*i i, \ || p| i o t*\ llj pLj_iiJI ^-a 1 f. (\ka> o jl_j lj_A ' ■ — j 1 1 
.^Li. .Jj^LIoJI ^1 ja-a-Jlj uXLa. <_jJI (£jj£LaJI Jill 

.ol^oJI j.«-i«^l ol—LuLts ^Jl jjjlu (_^Liaj ^ ciLauLill ^ ^ ^ ■ * 

i»jj^ # ^ ^ /■ p ^ „ 

Ll^j j_> 1 ?i i ni (jVl xl a > L Lo JjljI Uoj-Ju jjj-Jlj jLuj <<Lfi 

£_jLa— ujJI <j-o A Q 111 •% o j-jjl fl o > 4 U1 "v a dahA. a tl j_^a 1 11 CjI^J J_C J-Lfl 

tij C\ * \ (_j3.ll jjjJJ Jjlill _>a£- ^-ailJlsVl £-jL<JI cJJj ^aj .caloric (liLjjJl^JI^ 
‘(jJjL)- 2 * J-^Lo <3jLiJI j-jus\ ‘i » I I oljjJ (jl cs'-'jl JJj -(3 (J — t-sa_aJI ^ S jl,>a- 

lj_A^ <j-j|^-oJI l^-ifl A il-c^JI ^ </*>! \% II oljJ l-ol .A-±^y**-i (^h 0 ^ ^ fl| 3^3 

<jL*JLjVI tj-4 (jl ^Jl SjLujVI jliyZj . 1 ^ a g l^-o Sj-iH-AAi-o ft \~ Lf-j| ^ 1 ‘i .a 

/o \<* Jl ^ ^ s 

. LoLaj <<_>jjJI 4 i x Sj^aJI ^j£. <Lo Jjx ^Jl (J_AuUJI 

J-i5^ ^^Tv^-a jljX'l ^Llaa-uil ^ x l ! (j^-iJIj (JLo-*JL-ujI 

1 0 ■ 1"*^ (j-a Jlsl II _ j k-»I i » II ill _ j) > ^ jj ' > (] II 5j3 <t IvC ^jJI <Lj i h i IL) <jJ3 

atomic <_i _,3JI jljjVI ^ ml j >.» >ul!l <Jj3 Jl J j ‘C II *j-a ^ I f . J-Uo l jij .1 
< j_i5~i .a ja£ <—ijl.->. it cj jl *n .(jVI jl a n ~ iii .a (\ ,.uVI I3 _a Jlj Lo j .weights 
.Lo J 1^1 ‘<f. CiljjJI JJJLj J 1 *~t~ ol uAjA jjlc. iajjUJ LgJ 6j._y . i (jl^J 

^ J J ^ j> 

3- J^iJI) ( ^ a 4\ULv <Gtli a rhJ> Cul^ LIA j j CjIjJ ^-o 

jj-iatJ OjI^ j^lJlj <_> i^i Cilj^yLa ^>JaA n jl <La ^Jl n_i X 11 jjj (2^ 

U^oJ^j oijj 1 Y& -5 J ^_lC. ^-jLoJI <JU,J1 j| La jfll jl$ jj jJI 

La J ts~\\c. oljj (» tA-^h I Jag-uaJLi <Uj^ jj V j . ^<JjLj-a_»^JI oN-C.LflJ-11 j^J^ 

5 JjjA (^-Aj << AJA <J-uOj-Lll 6.LA Jj j^J (jA» » jc 4 -lAjlj .J>r>--L_> isotopes j^lkiJI 

.aI ji=k.VLi 




SjJ f-LoJI ^jl fj * jliil <Jal-ti.i t 11 6jl a^tLaS < I ■ \*\ Aj .^5 

7 Jjy^hU (SjX II (jj^' J g~V> m lj (j-o Sjjj (j j-> .. X VI 

Jt a h j .ol_i 8 JJlsJI .iij Cit. j J -v A a I I (jLs <4_4jJLaJl ^y-Sj) 

JjAA.jj.UA ij-o ^ a_i a -w I I ^ <jj£a f-LJI <jt p*j ^ •Gij^ 

Sjj <j1 ($f ?16 j-A u j > ^jLijL=JI ojj-" up lj-1 < u- .' - '> Sjjj 


lj ' j -v. > I jitXSl LxA I j-A . j j J_U Sjj Sj-o 1 6 JJL>I . n^ l 

Cllj-ual -k J '" -. all CjU o . s >.^LaJI iua, < 4. ~i aJ ri C. (J£j ^1 (_£ jj5iLcJI 




^yiJI J-Sj .j_ia ^ a. til l (jjJiJI {y> (_j-ljVI ol j~. ■ .< I I ^ Oj-j-fe. -3-5 J < »i I I 

<j 3JI oLLxll j^jja J-iO VI JjL 6jj_uo 6 j-Aj .oLxuLla.ll ^j-o j-L^ L$_j (jL*T> oIjx^sLax aJT. 

tJUj Kj ft . 1 1 |xlc j^j-o pLA^. 1 ^j-lc 1835 ^Ic. j JjVI {jij-ujI 19 qua 11 Sj-i-oLa-o ^_a L$ r»a a 

lj_A j (Llj^LoI ^_lo! l g > L ^ ‘ ~* ‘ "I < < 1 1 iii 4xUa J t!~> o II LulJI .jg ■ ■■ «1 ljI ^ 

IjjJ-ui/ L^lcjl ^ t in 




SSS < 6 jLJJ 4 * mU ILi jlxL> Laxfi jJl oil x^qAJLI li^Lkj 

^uiL j Sul II ^_a Ul ji’Lu.l dLlj * ^aJ f<Li_aic CjLIa-o^JI 

4-Jj^JiJI S \ Cil U <L^l!Lj < JpLtti \ 1L ^J. *L~w 

4 rs , ,. ^ ?k II 4j^JauJI 6A-A (J .1 fl > <dUj £_o^ .,ji»JI JLclcI £_o <_iJL^JLoJI 

j^-oj CjIjAJI ^jl pi a I * II &A-A ^ Iaj Cj-jL^ <ol j *k *«« 5 JlC. . £— flljjJJ 

(^U UxSIj l*j <*1 Q -tiii 1 Ifl VC1 jlaU ^iJI qL> 1 <n% II pIj^.V 6 Jo-Lo 

jJLc j <ti > 1 o a > c. ^ i > a > 1 858 ^Lc ii> iul A I <l^^^Ls_aJI ^ U * n .^_>La_oJI ^j_o 
S. Cannizzaro (1910-1826) jjS^ ^JL^VI >Ulj <pU^£JI 

J-lo SSS <oJJj £— oj j-uaUxU <L> jA-ll Jjj^LU j aj^j i5j V^A^. 

.ijjjJI 4 ^ U \ i I lAOjlx^ t^juiC. £-a^jLjJ! ‘^jJAjjxll (j^XJ > 


^.ic !| ^_S A-co^JI ^_a A I a % ~\ i i i <\ II <1»JL=JI pi \\W II Ci-l^A" a2^j 

1 \ iK a \ ‘(jVlj .5 ^ -ujLlo 6Axj I ^aJI pLoJxJI^ 1 ^ £■,< l5-i g-i-aJI 

£g\ <LaS Ax j jaJ^j < (4-5 SjLJI j l-^~x4 Ul fl i Ji-uj ^lc oljlll 

s $ 

jxjLlilJI ^j-xaJAa^LaJI (jAxj ^ ^Ixj SS ( ^ - lU JLj j ^S a1. ^» 



^jAll j-fa£>lg.«.ll jj-fl ^.UAVJj ^j-q c>l jlH ^JjJA-luI .4-5 (J^ ux I I 

** ** ^ * 

Jj .--.-v 1 \ fj* m * iHjI (^j-ll <jU-^Jl .1 -AJ^a^ iiLuj Vj < (( L^JJJJ)) 1 u^aj ijVlj . 1 ^ j 

^ j ^ S j 

' ">■ -.it -ft ^ >oa*t C ll ft ^j-o-ujj ^j^_lLlJI jj-o 4xUfi ^ In 4«i ^j-ic. >1 njJI CjIjAJ 5jj ) 10 1 1 fij_A ^j-Lc. 

<» 

jjt <2 j_>L ‘Ly^* SSjj < u nlm>~ij jLfiJI li* -Scanning tunnelling microscope (STM) 

|>3) f- ‘ «*~> u-1! u “ >^ -ll cr^' oljLi-yi <L« 

^j--i aa ^ ^ j resolution -^- a 



6JLA Jj) 1 1 C x1xl>H m l d[ ^J^2_» 

Jj} ts\ -\ II pLqJaJI J-Jj_> (_£dJI ^ Jj) ,a\ II (jX. j-lAJLjJJ --^Vl Ah Qftfl <'*•’> jl (4 I 1 

.cdJj d -0 (J <Afl| pi 0.1 31 II ♦ 4 klg. 


$■£'' 2 9 o' 

JA-o p I hi SjjjX-"! > a i *s j ^1 j l*s jii l— oj ScjljjJI u~a 1— o <(jjj 

(ji 1 2>*\-a. i V 1 ilj (fr^j -s.~i.ll . 8 . 5 jJLj Lo CiljjJI (jLj (^j >. > ~lLjj_Jl 

■ Lflo jj_uo1 CiLj^^- 0 SjjJJ Jjsj-I V <j1 ^ *1 * a \ II 3-® XiJ^oJ ^ iAP 

C1L1 irf-*>l s II £-j_iii ( 3 ^-a-i 1-8 I*s 4 -ijj I_) » ua -ll (j-*- 4 j-oVI ( 3 ^ Ijl ( 3^-1 

(jllS jJjj Ijjfc ■ II ^Ic. (j-« l (till Cll 1 .3ll S II <J l^ll'l* I I j lU.ll 

J. J. 3) J- ' “ n •£ • £ jA 4.i.l.sl J <Lijj oljjJJ lis Aa.j -1 4-jI CijjI (3 -0 Jjl 

J..^ \ ,3 <-« « II j-o y 1897 f Lx. ^>44 ^ :ul ‘Thomson (1940-1856) 

Royal . i u » « II ^_s Ij_a «i d .m ~ < 1 j_Lc1 jjjj .cjI_}> 1-11 (3-° * ~*l ~* ^ IV 1 

jj— Ijl cA j " *s jyi -■ ji ^ .1897 ^l_c J-ij-jI / ( 3 l — ■ ■■ * j 30 Institution 

j3-<> j » i«oi cil n i in i jj—Aj <subatomic particles 4™ijjJI /jj- 1 **■! *«“•-«■ ]l 

j t»^ 

oJ^ojJo £)J-a~> Ci ’ i p l J-Sj (CiljUl 

•- £ g ^ * 

(Oljcil jU jki <d. ^-dl ^ U\ 1 LlLc Lj^S-o CxjI^ 1 ^ j| ^7 Jj \ A l*N <X-oL^J 

$ * 

.LLAj 1 * ^ji~ 

j o <<i dl i >hs ^ ^ .mi f ^ u>( i II ^>^vt - ~»1^ * ... II 

I I l /^ a ^ I I c$\jj I < j 4 t d 1 3 i 1 1 L^-k-fl 

d^ oL^J- U r> <_j 1 <taj d^ j^-1^5 i CjLjj^Vviy I u-fiVl 6 j-L^j ^ 

. ^-Jl Mill II 4 iii II Jjlid 4 -xz*. CjIj .~»La t j,. - v 

E. Rutherford 3j * ~ * 1 * * *d • ^ - 3 - ‘ ^ I ^ t ^ II ^j_a ■-* l s \ a ^ 

jjlj (^>111 jj^LjjjjjJI (1937-1871 ( t 3j-i» | l'i i-ij! 

iC _4j (nucleus Sl^jJI 1910 ^Lt ^jJI^ - j~ ■ ■• -t. *»l ^ ^_j dJj 

** j, _ « _ _"(> 

31 (SjjJI 3^ £-& LiLa_i| jLjjjs IMP 5 jLo ^j-c Zjj^a J* '^11 <jlJLi ill' 




^4 111 II <1 1 1 a r I ^ \\ i i I $ ui A j SjjJl ^j-o lj i*t*s ^jL-^qI Slj-lJI 

.SjAJJ <_JLa^VI 

4 1*1 ^ aJI p! i <tiVl J ^k ^j£. C^l ilajl A-i V f ciUj Jjlj 

/ ^ J# 

<j-A ( jj)J 1 kll (^J- 0 0.3 C'L-Aj j-L^Aj Ai 11 SjAII .^J-^i-ftJl ^ic. Ojjj ^Lll 

oIja-II &aa (j-o S j iii c <jLi (jJ . ^ j \ a ^-^Lj 0,3 3x10 ^ j-3-fJI 

^ 5 - 

rfOlj.i-fl.iJ a 3 4-1 jJa ^j-fl )J-a. 11 M ^ i fl" J ha ^lc. £-_iLiILlLi 4X. j IS\ j-aJI 

*'**>'* 

jj ^_Lc. IjjLfl ^x_^ J A£ .— ^ j a UUJ1) 4 -Iqj> iti II aAA JjJoj jj^k 1 *<< L^_ J 

1 > jl 4-laj tl a Ji J jj rf**i 1 ^ i i 1 V 1 ^j-° A^J .CjIjaJI 6 AJb 

t* * 

■ pi j*i.fl i\*> 3 <LiljS S j j j>ia-£ ( jj5k_i filL^JI aAA <o1jJ-a^ 1*£ 3 LjjJjJa 

L^_jV <ctl L\*S (jl u> ^k » l^_*| 4 .A-x-i-Tk-JI^ :Ia^w £j-i_a.^ ol jjJI I A-A 

^!a^. aj 1 a i<~* oljj-ll jl (jxiLlJI ^1 ^ .Lfl_LJj t-Li-iiiVI j-* I j j * *C ^ ~ 

JV 1,\< \ jl 1 i \ ij li \ "■k 5 j jl jX Ul < 1 1 aLLo_> Lj_jI ^_a iiUj ^_s t i 1 i < 1 II 

L^jU i S^) \ >*S CjIjAJI j_iifl_Jlj CjIAj l«iLi .LlL^Ij l A^k pl-> J T j[ 

jjJLj H 1 ^j-s Sjj ^ 1 Ljj-e.Lmj Lo-oj . L»_jjjj l _^-5iF ^ 

e> 

.^JjJI t^_y& L-i ^ 1 

6 j mi*\ 11 C-Lj-jjliVi iJ-^ (SJ) 1 < ^1 ^ -)V f 1 iAjI 6^ \ S^aJI 6 I^J 

I’uf^. a ^_a ljjc.1 . 1 1 j j^J lj^ Jjil ‘l.t-. I.t-N. Sj iJ> u~i L$J (jilljJI |-> lr»J>rfi -Lj-Ub 

. 1 (j ft) jjj^j jJ A * H ^jJLj 6J-4 jjo-a jV f6^J-lJ (jiLa^yi 

jLS_sVl -ilj t ~ .ml (jV 'I * li > "v f-^j—LU 4_jLc.yl &bi_A (jl C-l ft 1 » I I (_j A » 1 (j_la_j 

j_4 _ LiljJi Lljjl ~ Ijl )j_4 _ CjIj jjl Ji-a a J li i<*i <■! j n il ^Jl j LaJ! 

<L^jaJI 6 A^_i frLuil ...~ V ii, IJ-fLaJI ^ ' Ji Lt-bl (jV t_A-'vJLi a ^ 1 1 nf 

(A (j -a .(7 (J ia < II (jJ <Ltljl^iJI (jJ j i ro I I (jji 

e-bij ^fjLuij aljlJI A 3 ^ O^f* *§^>> jAa jj-^ fJ^VI ( _ r k- 'JjAiJ 

ij|^3 La^JoA Sj)A1I ^Ji 111 l *» lj[ IjJ .SjjJl J-la-fl (J -0 uL^.1^ 


.1912 ^Lc. «nudeus» ^ [!•> ^ a«" m l (3) 





(jli j j" A ■ la II J ■ Ida. S J ' » '^~| 4-a-Ld j_oj L^jl^j <j!Lo 

<4_aLii jJI ^11 d I > Q i I I ^ > j -iii * I I I -a II -v * cLxjJI 4 * nuJl t *1 j) ** I I 

<JfcJL» Si ^jJl \\ JULX i <SjjJI P-^-i (^-11 4 i J .± i \ I L fLLx Id^i SjJ-« IQ 

<j j^ill pLiJjjdJI j»JLt Lodit. j . j-i^j j illjjj (jV <LL12 I $ 1 <1 iAjI jJLuaJI 

.Lo da. Sjaj£ Sl^iJI j <jli ct® d- 0 ^ (^i “^la-i 

I (] L~J J S j i it a a S pI i Ail 4_aj jjV 5 j i i*C (_jJjJI (jLi <ljls j J j , w 1 1 La^j 
d A . , . : i 4\^ .^.11 ^ « 1 > ^Ul jdLl 4 t .1 -v i*y I 4 ~ ^ ^ II 4 i c j Q~ i n*j ^dil P^^aJI L^-ldfl 

(jV (SjjJJ (Lujdj ' 4 iK II 4 l~ < \ I I J a~ ,,, n A , A ,l Afl >.8 J .Lg_> 4 t-i i n II Cilj 

9 * f. *, m, ^ 

J a ->.~) Lodltj .p^y-i J;l 4-115C t^ya 4jLoJI-J 0.1 jxaj (££-^ J ** A~I v oLj^JVI 

(jlioVLi (jl^ j .(_£^jJI (jjj <1 iLoc. 4 j j » Am (^dJI (JdjJI (jLs <iL55 I o ina 

2 s ^ / j X ^ 

^ _ !>"■ q c Lol^x. 20 £jI^-S I jjlJ < 4 .*•! ^ < n ^ c^I^j ^j-o ^^jJI ^ u-\ j! « xll ml 

2 h> s 9 ^ 0 p ^ P 

u* cr^ ‘L*j^ a- 0 

lj£} -j>»jd3 yjJ ~ v!1 j (j-Aa.jjd-L$JI .dUj Jj 8_> V I (j ^ a. _i (jil <l-4jjLa-o 

4 n in 4j| dLlj <5l jj |»_»jdj j ' * < ~ i Vj I j-4 -!iLs (ja ^ (£3-* 

(jl i^j > aj^d * J II dJ V (IjJ 4 ' 1 1 <<i H 4 \ .7.11^ <Lg_tl t^ril 1 Ctj^a.A 

. La_>.i.lx"> ^ 4jjlj JjljjJ <Cj-cuj ldj| fkjdj 

f^J "‘T* Jjl cj^f o' d)^J “ ‘* ^ u>®^^ lt® uf^- 1 ,A ®^ 

4_ji ^ji jjj ~i *\ y ijji ( ^ ' a c .4 il j A" *\ 1 subatomic j 

!* ** 

Ja^uul j Sjj Si cJlUJLjj -tjj- 4 (j-° JI J-b ^Lla. 

^ j I II II lj-4j .proton (j^jj,>4jl J-A dj.a.j Uj J <Ciljd.ll ^LU. 

s- S 2 * s 

J * < ^ c d . ^ A -V A . \ «Ti <*l *1 < . I I ^ 1 * Lfltii I I 1**>1 X Q«sl -«>. in A l | ^ S\ 

4 m JI 6JL A i. .jj jiix I I J j i n' Cflj^J^^xJI jjil-S fjjj-p-d-ll 

L>° J-L^. t a /:.!< ^jLi-aUl ^)l I_> t mil <l_lA 

* ■& " 

<_>jl -ui a j-nL^. i\ j-1 iti jJ J * a* t j-a ^ ^_A .< l aajI . h^I oL^^JI 

^ Ox- ^ 

•§S® <JjS ^ 4liiSj Ij^jjlUyi 4la_iiJ SjLxkoj 




(j-a j *jj UJ^“ 

(_jjJI < j «-i >» ..L I ^jl } <_v J i n II jW .7.11 pLiJL Sl^lL! <.1 ,l >t yi <la_iJI 

(j- 0 Si jx i^k j »'() II j_A j <4 U1 j ii ill 4-ijLjJI <Lijj_oJI 

j-L-ajx Sjj Sljj (jJ oLj^jj-JI aax. ^ , -a .m .) Sl^jJI 3 -sI_>j 111 

<1 jJk i ^ U jii*JLs 111 ij i^i'm II atomic numbsr 3 jHI 

^xaa, (JLi. J-* 11* <J jl a " n 3_>UI J <ljl* <2 jXj) >1^ JJ j 

„ * -» " 
jjV <<_$ jH JJJ-LI L j Lum Sj_^a.^oJI CiLjj_>J^Jyi JJ£. (jjl* (jl '— i ^ j <CjIj1!I 

oLi. l)U d — lUJI 4 » ■ I i±L II 4 *. ^ .^. II I > i I" Si jib d > K II 4 t .1 , V1 <4 'v-, .iJI 

JJaJI Uj 31 J ‘_>-‘dslc si ji ^1 JJX- >-j. l*< 4j| (j-° 3*aJLll 3I 

Jj V-^ jl.lc.1 Ij_i_v 3^ " " II S“ ul u ** * <51 3JI ■ ■ i^ji > 3l»n 4 a ila. ^Jl j ■ ^ j" 
jjJx. j ‘' •» ' I «■<*<<* 4 -SjJLj ft ft II 3^ *tf xjLlH JLi. u^J • j-t da l l a.I.J Aa.a’i 

3-u j .J- 1 4 A la~i <i II oi <J=,UJI ^jll jjaJI JJj <J 

“* ^ * '' ^ ’ - s* 

j_5j e -^j ^ H ^ jL jjJI Lq-aIjjx. JS IjI La jLjluJL-ujI \x. 

H. ^_Luj is S y ^ La^IjI 4 4 U <uil 1 'Mj-v t ^jj mill ijjjJI jIjcVI Ci> **&£>» 

<1 *i a, \ <_ijLnJ < l^Lc jJL_uj! ^j_-o ^ \ i<~\ s j * .1 dLla j < Mos© l©y (1915 - 1887) 

j5 ^ ^oll5 d 4^>1 Xilfl dJo^i-txLj ci^i il i^Lll <u^l^Jyi 

^ j i-g A j 4 ^^11 d t i^<r d <1 <1 j^*>I ^_L-5 W. Owen JLJ^iLj < 

:^liJI (^jVt dlJLtJI v ^ll) 

S jLjJI Luj-o 1 (j jl cJlL js ij <<c.\?k «ttll iiLLi 

5 jL.il Jl j ^J1 L_i .7 . < q"j! S3 j (A-o&a II dlLai 

LjjV ‘ j-LJI ^LoI^ df-1 -V ,t. OJlIj d A*C^ IjjlLuj^o Li 15^ I J-A jil 


ja! ^neutron iSj'^ ^ ,ii y pi .!>!>"> <<iL <^^111 (4) 

* ** ->f> 0 

l*-4 il£x> ,jlj IX* .ixjLaxI <la_i <J (_^ji ((jjjjjxll tLi>s! 

.SjLoJl 4 L"^ Ly*3 i^jJI dJal^ 




^ a ^ v * 

Sa <(_£jpJI a ( j-uaLlxJI Jj&ib ^j_JI L_fij_*_j 

.|^a i 


1 * ^jJ I *l la a * ]|^j - <M *C _» jLt-/> JIaj Si ^Jl oLjj^-A^J )U 3 i c. \-H i— i-u^HJI 3^ 

.Liaj-5_i LoLoj ^Lk. tL^_fi Sj aJI 31 4-aii-fll i-a.ll 3-° j ' ^j-&JI 6 j~a 1 g -a - g-s 

* * * ** * jj** ** 

<j-*_loJI MjlJLJI 5l ^lll A <Lxa1j^ La^ <SjiU 4 \ K II A lVv ILfl 

la_A^ <Sl ^iJI 3“° *3~* t-J flVI Sj ntr j^- *>< 6^)Jaj9 P-l -i^-S Lfl-J Ja-AA-i ^-aJI 

«* •£ 

- 3j) ^^-11 <JLk, ^-fl < ^L!i_c <<CLjuj _ i o ,\ ' (j^aJI c.1 .AqII 

<^-5ai^ ^-aJUaj^j .Lo J-2w ^Jl 1-a.^-tA ^J-aa i/Ia^I <Lxa^£a pLi^fl ^_A dlj-Iu_^j 

* * j5 <“ £ *» 

fLcjLfl LtuLJ ^aS^-^j < La-ajJLj ^jLa ^Laa_» qj i ^ <!>*" I^j * ^ 

(Ja-La <6j 11L JjJ-*-!LaJt j4j_Lll la_A JJ) .g4 J_fl ^^J-C O 11 ' 'ylj <Lclj_fl jJ^Ljj 

0^ 'S * * * * ' 

4 i 1 t I pLq_jjj ^ tt <Ti * 1 ^ ^ /> / ^ > i j/ 1 J | ^ "V ~v i ^ 1 C' 1*1 mfl 1 

1 q 1*1 -n. % V aJJ^ASfc. &I^S (_£aJI pI 4Aft.ll (jl '^3 ~y 1 II — * j * i ^ t ^y a jjil 

.aLkfi Sa Sjj 

* ^ * 

.j_i^i*JI £u _>jk jjfc extranuclear <<^Uj 

oU ^ Jaw ^j-lc Sj^j^aio ‘GjJj j mo I l 'l ... Lsk^ilLo aljjJI Jjjij jj-i-^- 

„ * * t _ 

!_!-». -Ill" J_yj-ll CjLjj_p^JVI ilia. JjlA (^- < C-^~I I 1 I .A ' I ( Jj^iJJ <<J JjJj 

. 4 mI 1-a.ifCJI .~i*Vlf. l a~' l ^ jl ni.nJI Lujii UU. el 1A1 

j— il *> a I ^_4 jjl jj^aljJLsLi c-ljX-V I <-ojLS-o f-LaJjJI ^ U~ m .) j»J 

6 J-6 CiJIjjl-oj lL?^ J-*-® ^-il *> ft 1 jl - Sl^LlI _ Lfl ^1 ■%, ~t J j ^ ‘ >^ l 

jrjj-ajJI ^J-lil J-Sj .L»j^j! |>J jJ la. \ I I ^f-Aj <<-JJ-S 6jJ-uaJI 
H. Nagaoka (1950-1965) ^j'~ ** ^ ^jLtLiJI ^ p *' * j * a ^ SjjJJ j Jl» 

s * s 9 % * 

(jli\ Si j\ 1 1 aj^-ij3j > i\ i n1*sV a ^JL> 1 ja j i U I \ j} ^ \ lai^ <1904 ^Lc 

a3\ 3*^1 ^ (j ft * t£jJI a t II 3 I »CjIj) * -t-u o <<» a » j ^ 




j».Lc Sb-aJI 4_lA tll-lj l5iij|jLc.lA o' 8 I -i. (j a VU-> {j£j£j-o * ^ *« (J j a. 

_ * i * e c ~ * 

^4-Laj>.aSill^ <Lijjlj^JI <j^lojJJ Ij^ja La.j_jAj N. Bohf jy± ^Lij ' A ~ f ' La-lic. 1912 

1 -> ->L> l i-a*\ Lil jiiA jX-SA j <4 i ~i 1 -kjjJ.xA 6 j j ^ J.i.a.j CxS-S"'^- II i_a_i«aj ^jjl 

po « C ^ ^ •>* ^ 0 

jL^I (ji Cj j-uj 4-o jLaJI 4 ^ \ II <jl V| P j-o-ll Vj .SjjJI c &j UJ 

^^Laj £-0 Lu^Sj LoLgj (3 ill gStiJ <GU ni^k CxLua^j LcAa£. j^j 

_ UiLoj 1 flf.lj ^ jJI uLuiaj <^a£^SLJI j j) .a \ II — ciLlj 

-S # 0 0 # 

<4J&!Lj JLajjVI tj^ A j V <Vjl .La^jax SbaJlj jJjJJ JjLwjjJ Ijjt .l^ii-il -». 

^J| 4_j jJLaJI 4-ajj^ < ■ i jj-^LaJI jxl n i V 1 ^j-c. i jj.-J! j ^ja j-ia jL-^.~>l 

^j_q ^ I i a II j*JL*JI iLaj dragons ol \ » Vi lli .<Lsjjjla ^l_u±^.i 

I a. <4 atai ^ i_Sjj_la ^-S jjl a*\ I I Jil J^ll Jjiaj (Lxjli .<L8 _lL^JI 

" l o ^ 

uJ Ml fll ^pJI <4 I«~il ^ II t_jjjJoJI d a . a ^ II . ^ 1 31 ~i i <_S^Lk ,^S J a II J ] f . ij_tuli 

a^^JLj-JI (J_kaaJI ^A -HI 1 jAA a , 1 1— > _ JLa- a JI <4-IUJI ajji ^ 

■ _»**■ ‘ " II 4_i j m~ i ^jjl _ jo J r J aL^-iLi JjVI rt 1 1*< i*-i a II Ij-A Ja*u<u 1 i I 
- » , ^ 

il^JI -UajIa: ^jJI electric pull £jL>_>$UI 

jaX. cLIac j^a _ J lAal I j-4j - (Jj <^A.IjJI i*lj 4 A ,^A J_>ia3 jjl djlc. UOJ 

i» j! ^ 

<Gl .Ukak (iULauj J5L Sl^j J^a. jjJj ^^1 Aj^ljill Sjjao (_jA.ljJI 

JausI -J^jaa Cua a l» II JIaoJI fSjjJJ i_ijlj ^j^Aj 

^ 2 & 

3_) ( l Q ijJlJI ^ a a 1L CjI A i iiiA Ci A. 1 JV I ^)l 1 i ^ ^ JaJ_a_l! Ijufc 

. ' I a 1 1 /j l*t n JJLiiu 4 ajI II 4-a-iaJI 6 j lA (jl .<La. .^ aJLi <*(]»* <~ 4_i j_A j ^ 4a 1 alo L^J 
(_<;jjl (jIjaJI jV^Aa LT*^ ~* 1 A (7 (J-aAflJI jj-S 4-uujj'i in La lj-&J <4 juI^SJI 4-1 jKi II 
4 j 1 1 iti 4_i j^jA Sl^jj jJjA. (^jIjaJI |^j_jIaJI < 4JUJI & j-A ^4 

j>. ia\ 4jtSj Jjj^j^JVI j-i^A«aj 1 > K i_i ml '1 a II JJ-C. (^(A 4j| ^ i^~i~ 4 1 Ij-Aj « ^-a-j-i 

-jIjA jjA J^AjluJ 

E. Schrodinger j i \ u ^jjl j <’>.<! l 7 J-uaiJI ^ 

.oLjj^liJyi cJ^Jau n «~i4~ L^jLi iL^Ja. jai'i Ijl iJjLaAJI (1961-1887) 




.oljjJLi ‘(-LLjlIaJI 1 (j •vMV> yA <L*y-<JI aj A yg <Ggyj«-o yJI jLxLxj ya-i Lo 

Jyl *»"*» - "J _ y-xa-yy-' ifl II a yl! -i l y i a a <La,yj_) <1 -x y-x 4 .*i « <jl_i yVI 4 I i Q i La 
yAy .^y » i ijyy-l £JjL*-a y uki 0 jljj y>la.l yl£ — 3^ &*j ij 5 cs>=^ 9 'jj 
jxLc. Cj y-lj ^p.|yaJ 5SMS y-o L$Jy1 yK) ayj ^ .1 <J. a . lj . iya_j 4_*_jy1 Jj_a <J - loLu < 

■lit I *1 .Ai A lUf yg -‘ ‘~‘<J '"J^**" ■“*'-»■ ylyJJ)) *ij-a -mill Lfcxg Cxjilal <1926 

//j t K * () ^ SjJ ^-® 4-2J-3uLaJI <GJjLl-o ^JLuJ < 4 \ 1 jui£. 

y e> 

j_lajl 11I i » q j I V I iiLLJ 1 j-t-6 a«* < i >i <L$Loj S^)_»lJLo a a q la *» ^ oLojJL-o ^j_o 

.oI^o-lu Ja2 6J^j j 5 <jl£ 

I \ Hj <GJjLa_6 Jj 1 •%. 1 \\ ler j-iii oLLu. ^ £-jLaj 

J 

5-ljj_i_aJI ya_13 La.*C <V <0-1 <A a II y-o 4 Jr» a \ 3^ yA (yjy~^ IV 1 Jy-ay Jl a" -v l-j 

i . >» * i.* 

y-a-Lto ,<lkaJ J^ yS a, Ula-'l yV-nj Jjyyj^J^U JjaUI £-2 yaJI yl ylx. < <_g,.\ j 1 4~, II 

J ^ s? J 

SjLiVI JJLj ^-uuVI Ij-A ^atomic orbitals oLajIj-aJI J^-L^JI 

Lf-uejZL} j^lll <jo\jJ^\\ jJuU oj>^Ji Jl 

« » » ^ 

y ».«U~H JjUJI Jjx. *W>K]| jk y ^ a ^ II 

.yxa.yjAxA ajj LujJI <3UaJI JrjiJI (^yl>i-aJI <JJ-4 5"5 J ^ <<i. l l yjLX i 
Jl a~t-xVI Ijjk jlj I A IX. a <<Llaj-a yyyI^J| LS^ JJ** * M Jl a~>~xl i A y_i yJbj 

- -> -2. e 

yy -^all I [j ~ al *i*C I » > <Lax*JI ■“■‘<1^ LaJ <yyj La^y . J*N <L|| J ilia iJI Ojly 

<alyjj| yrf Lva. <_jjy3 yyyjiiyi yl yliJI yVa.all yag <alyaij y j^-i^LaJI yl yaJI yg 

^ ^0 ^ Jl ^ 

JjLIaJI J-gyjJI yly <££jiaJI ^ ‘Ujoi <ai J--=>y yJ-L Jya. jxya^J yyjJ Jla 
yS Cl < '«~iy iiyaa Sy i» i<~i ay^ ill 1 > ■L t Ijly .1 < n g I alyjjl yJk yj^VI Jl a~ -w M I 

y-fi §y^-ll J-^lj Aa. jj II I yjy^JVI yl (gy Ti m jjJa X. <6yij1 yj <- g .l 7 x ~L ^ ^_sly^> 

SylalxLa J Lola. VI <-o..xC yl ,al yjJI J-IjC. <£.yxayo SySJI yy*^~ LoJLaC. CiVlaJI «1»«» 

yylj-oJI J | , ia~ I xAll I 'i i< a I <ljj t ^ ay-. -.i. ylc. ^ayo aLaJll cJlj-A yn 1 1 Gyy^ 

JjylcaJI yg yll i VI i^ta»> t dJj *_o j .A a i» II ^ U ».a yy~- » yjJI yyy^JI ■» L . .. II » 


j^^i]| iiUj yJI y a~i i~ j 4 4^<'i E. Bauer jjL *-^4- Csj& <j^l < <• > «! Lg-jJ (5) 

.Leamington Spa y. c+*Ji y^l ilSUJI 






J alfl AA JI * * yj 6 j j ^_fl l tViH 4 al U \\ s jl J aU o^Lu ft > Sjx, Lj-A cjz^y* . 0~0 J^uJI 

.UUti. ft 11 . Jj 1 Ifi’t 1 1 4 _flldS <J Vaj < -U Q-\ ^Jx, jj!UJI jLajj*.! £jUuJl 

<«^,.W II ^i->,huJl» ialxiwaJI .fcl^lll f^yC. <iL uj -JI £-o ^-*- u ^ JLal^Vl l 

.<j-aJL» 90 <L>I^3 Jt ^-U.uJI 


A ka *i ^_s JLaIL^.1 (jl :&jL^. iiL^ till a > 

* ? 

VI Ijfl Q t<r> s V ^-Aj jlxIL>VI £-a ^i-j^oJI (j-° ^UclTuL cjjUfilL* 4 jlajlo 


^ u-\ I <j- 1 _uxAaJI I j-A < 6 jjJI ^j-a A \ g \ a 4 -fll h ia ^^J-C Leslie. 

6_pJUo CjljjJI (jl < ljl a II n j*\ a 1 1 ida tl ‘i n i j_4 j * d > j " *i <■. _j_tC. Lo C jI jj-ll 


f ' V 

<d| i,i n Sl^jJI ijc. I J ' n i ^jlc. JlaTtal (jLfl <I.j J of .j .Ida 

g* 

JJ-“=“ JjAs^Ij .^u=JI Ida. (jIaJ I <>> (jjjJjjj ^lo ^ dalj 

J* * * 9 

(j-« Ida. <Llj^ p| I A a II 4 aU‘. A I jjaaaa ljj_>j£JJ >.lln~ <jda jjJd^JI Sjj (jl 


1 00 (_$] tjH-A II jj- 4 (llJJ l-i^H-ll F ja 1 00 J%i LijJaS 1-i u~>~> ‘LdJaLo^ alj-sJI 
.s-orbital <(^_)ldAJI Lijdll iSLlaJI yj ^j_)£JI ^jldall IJLa ^ » mi .^jia^iSLu 

S i_SjaJI ( 2 jLj < 5 ^ldJI <-> j F ~ ^ Ig. dC .1 4 ii t (JLa t _|£! ld_A j t~i II c-fl i In I II 

n m s s ^ 

^ix!LS <a \ <-A t ixiV i.\ A^r.l <g 1 fspherical < a K ^ > 

.(_£jjj| ^ ^ V i ^ -ll V Aa 1 s> ^_fl Jaj)K^k II 6 juXJ 
<j^Jo->JI ^j-C 1 aJ,\t ^ 44i <pl a a*JI ^.l^l 

-». u . l l L)l CT^ l^-ILfl^JLA LU .IjV 



(jjjlj <Lfi_ua_i ^j_JI 1)U u i A" a ' Ljj^^ I j JnL L~i.a il m II 

i*-® csj'>ll ^UiSVI Jjj jiJ .Si ^iJI angular momentum 

^ f ^ 

.linear momentum ^Ja^JI ^Ls^jVI (Jj-o «Li1 Ljjj ■*» * *** <3 J . ^- a ll 
i ~ ' * 

bii-A (j-S <GJj_*_a J_>jj La ■ ^ ■, v , 4 . "t -«.i.a la-a . V Sjjlj fj-i i^j-^JI ^^J-C. 

Lajic, Jjilsi!l S at ‘~. < C j i i~ <£.j_lu Ciil^ I a j a <J;jlj-a £j-aj (jl <l^_>-aJI 

uJ^f <s JLa* <j-®j ^LijjVI jl*iiLa Jc. Lj^i-kj .SljiJI 

Ij-jLs I jJ ‘b j^_>_o (_j-S Si ^jJI jjLS (£j->lj jLuj-o (j; I ^^-Lc. "CIjI-j <Lali£ J_i II^.'lLI 

- $ 3 * t- 

4-b^s. M a II ajjfc jJ_U jJi . Sl^jjJI L. Ijjlj Lc.li.ijl (jl ( jrf-l|-'>~l III I 

4 A ^y y l . . « j / j j L^j| 1 t >J fl t in I > I f d a| a j *f- L^jl^j 4 Q t 0, \_l i 4 t \ 0 t I I 

• 4 -* c JJJ f4L*JI 

x ■*" * ^ 

i_S ,ti~i*sl <(j.i •v jj..' i j II Sjjj <— i^L-b. Jl <GjjU-a J-a. La, ltc. 

l_ _ 4 ' 

4-J-, , il mV I ilL^JI iSUo (jjs ^Jcl iSUo I (j *>a r^j.S.1 S j _m 4 4-Jj j oL_>l.ia 

J jl ^ 

Lajj^jJ 4_ ^al j\W pi ft » % 11 ,jI,11aI <^111 .ground ststo 

6j_A ft 11 cl^sJ <4 _lJLjlJI oLSl l*> II oVl I 4_1 J q ^ ^ jluI ^4i^l 

4 \ ^ in i aj ^jx. 4 **>L!lJ 1 iiLUJL^ <4_i_sL$ 4J51 U i IjI oLi^l j-^.11 

^Aio j 1 ^ >Ain*i CjLj 4 jA u ^j-o <5LL> ^j^Lu2u_oI J .4 > P J 

# j, ^ ><( 

<-i-» V <dil3 4-JL*Jl iSliaJl qLj^I J - ft-1 Cjl n m Sj-C 4 -oj 
UaL*-j| ^_fl C i\\Ci i^JLiXLTk <S ot-»jlj-oJI (J-° 4-Lal^ 4 I ml JJJ 

4 1 4>,.\ II Si.\ > a II 4-i^^JI CjLfi-xlaJI 4 _L<jj_Luj J^-dui a :SljuJI 

^ j j * 

_L^ ^-_> ^JjLcllA tjj. iA < ^ -t.Tijpjl ^)) 4 1A - JjU - > 4-i_uj^)JI 

^9 <uir. jixj f ^s tjJ <(5jlj ^UjjI S 6 j-A ^j-o 

** * " * i# 

iii ^ ^ ^ I. ^ 

Jj I J-A ^La c jJaJI Vi 1 \i 1 r. Sj-oj .l^--«t> ^ \ SljaJI 

11 a <> Ca^I A-Loib 4 i'i i a 4 a^w-lAH CjIa-LIx^JI j (jXoJLi l^jjlaJLo 

(Jl aIaVI ^ j) i C. (Jli i "-k \ \ 4J ^ju 1 1 Jjl^ <1 4 ^ lL1L*lA 

OJ^ {} (>° Sljlll Jj^. <-, 4 j. ~ i A . a JjJaL-o ^ S3^j-aj-a ^Jijj^JVI 




^yA 4. Ui a 11 CjLajIJ-aJI JdLajI ij^U <i^JUo ^j-a LJ JUV^ .I4J, 3^. ^UaojLi 

<p *$ s JLaI^VI 1 ^Lll ciLjjIj-aJI ml .6“ 5 3^ A II 

£jL Cj-uj <d CiLijIxa £-3 j 1 Q J1 ■A.'k^VI ^ A aJa ^-3_!l di-tj 

^Ac jjIaJI JLaI^J JIaj ^1 iJaJJoilJt <il5S Cul£> LaJj .f ^ oLjlj-0 
JM3 <-ujLa-s j > r. i^.< >.\ "v a Lo_a <Sl^lJI 5^)jl J ^j_Lc. iil^.^k.1 *> 1 aj tf. j>> >> <£_]5 j-o 
( 1; j s <*-> 11 ^>-»-c oVLx f <d <p oL>jIuLaJI 

55 'V s * 

(^-lc-1 L>33 LcLi^l Jaljj d ^jU La If. <<i-j-o3 ^jJI 

I3a^$ .^lcl C5^3 Li-fll^o JAa_a <ljJUaJ5 j-A <f (jj^lj-oJI <p 

S» * ^ j, ^ 

Ijl jju ^ ^ 1 * &SL 1 centrifugal &3A3 5^3 jJ^_» ^311 s _^-a j^LijjVI 

ijtx. giLij Iju^S l^jlf. in <ixflj <.j.vir> <lk^^Lo li a 3 ^-^$ .Sl^Ul 

CjIjIJ-aJI 6 j-A ^j-a ^1 Ij ^~^J) * ol^ <S3>lill SjUl &3a Ln «<i iQ !4 \a A ^1 

.Ifl jUiAj Si jlll <GjJI <j1c j3*-i JjJ 

La^-j L5 ^dl J j ' ^ 1 1 "H 6- ^ - * a - 4AJ cr'l u*« j >' ^ } Lh 5 ^ 

ja u < <> Lo ^jLc^lu ^1 LoAjl^jl ^.JX. ^J-xc| Lj|^ . <dJ jl a gj j 3> \ 

if & * & 

££jj_j .7-5 JixuJI o- 1 ^- 0 c>l5LkJI jjl Ij^fc tlij i *i~ (jl 

«* ^ ^ 

I * 1*« ^ JJj j <ULLa jJ-i-l CjLijI J- aJI j-a j Jj-a I J_ij)-a JjLj <<5UaJI Jjl jj £-o 4j| !_t_jft 

Cjlj A 1 l-4_>j_ao J *>£. ^ylf-l i_ll 1 Llu^I ijua J-ij-a_> ;■ a < 

^jjld-o j_au ^Lj-i ,^J 1 A>la. isLLJI Ij-A -S^ill Sjjl^J^ 

^lXi Jj^JLjJI .5"5 ail Jl JJ-S (j 1 1 n II S ^jlxojl jJb <iais 

SjJkllaJ J . L'*vA^ <d CiLijIj^ <j-i.ii.aA . j <p CiL»jlia <j^Ljj <J^.lj S (<;jlia 

SjjJ <JjL*_a J^La. jjjj (jauJ <jl j| t i_uT>jjJI IlLA { jS LjAi. 11 

(_jjJI CjLi^IXttJI (jV shells olttlfi <5Uall CjIj j~ m n J-*j tj^ £ ' t3~^° ,1 J I II 

(^J ^J^-J JLoj^-V S oALa CiL-jjj oj£-* I^aII <'~'"' 


i**i ix < l ^ LlLVI i ^JjLLl Jj ^9 iJlxflj - \ i~A I > 0 t txi_> d ui 1 j**! ! ^ . .. j^j-0 i**» l > « -.i'll A u \ A ."ifl > .^i l (6) 

LfJ 3 ^principal <,. > < < Llaj^K^ oU^IxUI 6.1 a 1 ^~s oU^^j 5U| ^ If <ujL^JI ia^ia^Jl 

.<Lfi^jxo ^_i£. ■_»! > ■ "V lilljj fundamental < llj^Lwj! L^_»Lj 4 <<a o L^_>1 ^t < diffuse j nn 






% 


vs, 


11 5j_laj 0 <Axu ^,la^4.> ^J^ AA. 11^ oLj^^p^JVl <il!£J CjJ-ls* fl 1 1 ^ j .6" 5 J ^ ^lII 

5Jj_i_a-o <_a — lu d ~ 1 .. II ^^^_LO-fl_ll jJ jPj^-Lll^ fd ^jjjlj-oJJ J) i ^ -Q 4j_ljVl LO-flJ 1 fp 

* t g ¥ , 

Lg-Jl jJol J J^_'l -v ^_o L^_j1 (j^) ^ J-ll^H-J ol-^jlxojl J * ^ > <j i ^Sk ! _ .> > in .f ^jlj a 1 1 

, o’ 55 * 

a^LA ^ c£^ L*~® Vj lj-A IjJjJLo Ljjlj LcUjjl (3*®1^ 1-f-jLi <(s^ J>=>- <ijii-oj 

j^c. 1 1 ,> j 4-c^ m > j i-j_> .> <jl jJ :L$_jlj Sl^jJI ^_fi a5xJ1 jj-Ix. jjf u. II J1 n*i ~~k I ol^jlj-aJI 

.(^^IjJl ^Lfl jJ»VI » £-o Sl^^lll 


^xj.4 \ SUslJL-o < Q t-U oL»jtil-a ^jl ^_A < a -o j-lk-^^Lo . <J-uci..Jl CjI fl iJo 

U <i It A -v H » <^U| J..Q > ^J1 L^cU.j| <lj^. <Li_i^C <Lo_uj 6 j-A U i t iiLUJI 

<AiaLk jjlj ^1 jjj oLl ii^ <L^_xlj Slj^Jlj Jx-LilU 

^ ji ^ ^ 

. 4 n -v i^-% q A i a i a! q a 


^-i-oLmJJ < 1 a \ jaJI oljjJI jl «<il m ^j-C ^j-o ^jVl 

IliV < j *> a 11 6J-A 4 — ujIjJ <^j) 1 hi i_< \ uoi jlil l_ o-^-* 

* -* ^ 

la a .ill^. L^JLLjI ^^lll clXj jj^sy\ jaJ» LajIj^.1 




II <JLa. oljj <3LL cjLj^ m a J£ «4ill lj^ Cj^-^ 7-5 JiiiJi 

*> 

i^j£- <* o 1~-^ a (1 II CjI j J JL*. .LaLaj <-5UoJI (_ju4j 5UaJU» j-LjJo £j-a^J ^jLfl t JLkAj-ll 

^ j >■ j LfSULL oUjIj-o j)*l ->■■"> S^-tu-fl ^jb <.l*i *> a 1'^ 1 1 

( j_fl Q > 4^!*~ d CjL>j1j-oJl^ t<_ui!J) <4u-LJ1 ^yS 5^-o ‘L^k.lULo ^xi^u P Cjl-Jjl J-a-ll (j^A 

^yji < 4 Ua.ll ^j_fl ( _ r l£.! ol A lIo j ij_A .<4_>ljJI <AjlaJ1 ^4 ‘La.lS-o q i.u"x> f CjLaj I J-aJlj < <jJLjJl <4-UaJI 

i«i1l JJLluj ^jl Ljlj-o (jj.Tt *o (JIajj .LaLajj tillj 

(^-j-IaJI £jLL 1 1 ^r^vVi - l . l 

.^ ilal l ^jU*. 


i <^jj) 4 <n 4.L] ^jjJI J J a Jl 15 j \ » II ^jjJI JJUull <jl£ lj| 

^ ^ / Jl 

'n II JjLxllI » » -^ ~ 4_ij_ij <4_i_iLa_ il <*>-». .mi S j uif. jj 

A ^ 4 ^ £ t 

«GI a <> ■ ...1 ...VI s .L>jj" 5L! 1 j4Ji f. 2 ,., aA. 5j3 |JjS (S3 ~^ 1 u' ' 

djV “Lixilo oM-u » *i i ^LlUI jjd _ ol j jJI a j-& ciLi i, a .<->j ^ j > ... 

dh ^1 oULLJIj oL Jj-aJl <t.U ...lj . _ J_J_S j » » I (j *i * 

Lj-j ( jU..i. ^_s <.'■%'> hi 1 'i i*\ I Cx^yjJ ' v * (j ' ' jijjJ jj-i La j.-a.j ^^iJI oLaLLJIj 

g „ 

.ItAa. pi i «tiVI <IaA CiljjJI 


pi 




■» a> ^ ifi 

4. i-^ ,ti 11 4-Lc.L-ua-a Sl^jj <J J ‘ J) 1 1 Q 11 J-A 2 6 JJLX. (_ 5 j.il J M-kV» JI 

/jl (JjjJJI jjaiiyi ^J-A laajJI ifiUaJI -_uaja 2)1 

(j-iajjj ~v.*\ JV1 (jl ( J s _j_5_j j .(J i jjj i.^.-.Ll <JL ..»!■», i^I <JLaJI j iS ^gjl, X-a II (jki-S-i 
^-A La -0 ^ 1f t 5_J ij_yaJI 4 \ -k . m II iL5k LaJ^j .S (_5 jl J_oJl (jn A iQCCUPY 2) yl T Ml i 

uj>S 1 1 *> ■ .> ^ j I " » j ui-s 

* 

SjLuul Lo^J JjLjlLII ^1 ' ' -> mi II j 1 a-ft-a-a ^ t,.1 i ly I LaJ 

.51 j ' II 2)-* La^=)ljjJ5V <_o jLLJ! I _yajt-i j (j - 0 J-*X-s 1 ~ " Sj-^.1 j 

‘ 2 >^-jj ^.' 4 H 5jj o-o ^ u' (j-* ‘^ijjJlj 

4 '« ■> Ju k j i 1- ! 1 1 II ■ 1 j i ! . ^j) i ' kill j) a <3 &jjx. <^jJLl!I j ^ ■ » 11 

4 ^ ^-aJI 2 j*^I (jjt-iVi /II .C)Ljj__>a£JI 4a^laa 4 JLL-y -O (jJl J <C)lj-o vi>}la 4jLfcl .a c i ai 

J j.jL*i .' 2)1 — 2 •"" V < 4 U 1 . . . . ■ _ ^ ' L>"> ■‘kt i V <<i^UI oLj^jyi &j_A . j_oJ1 

1 V*. .*■ al *. k 2)X. laK 4 .M f ^aJI 4 a mi II 2)1 .Luoll 4 fll L1I Ij s ljtu -1 

'A-a.j-j 4_j| ^^-A <2)*^' 1 fr.-a-i-La ~i 2)-° LjJ J-aV i2)*^l L i j I 

< 4 " ' auj / 4 ~. I " K ;^_A intrinsic 4_la_aal 4_ajlj 5 j I a n Cal-a-m iajLa 2)JC> ~ 1 "^ iy~l 
(J-SLs _ LL»I LU aLj-jIj Ij-A j _ jk _$J-3 LA^ !-)■ l ‘' i La ?>j .spin 4_a_i jJ-j 

1 iAai . I ' I J-T. jitA . ( J .1 iA il 4 > aoLaJI AJLj > ^ mi,) 2)J^JI (_j-S 20-)"^ '! 

2 i j i~*^ 1 4 ■ . v ■ I a~ II spinning motion <4 a,i ^-uJI JiLaj 4jL» ^ > j II 

4->..-^nl -v j_A (jl > -u.il lj_A ^y-S tl)l jAj 2)1 '- 11 ^ * Lljl .Ajj . 6jj -t o 

t ’’j , 

(_j-Lc (j- 1 * ~ 1 < ^1 *i a 4 ■ la, 1 1 1 4 "i 4_i_S j ) < \ t~ II jjaj-a V j <4j ^jo 4_>_aj a*s 4 i's i ~il^ .) a 

^ ^ ^ ^ O O 

4-j-ali 4j-aj-a$ 4 i i<-il >. 4-aaj !4 jj1jjjVI 4jJLa- (jJl J j)» il 2 )-H>° 2>1 0 -?>^y^ 

(JL n j. ~i -i. n l Lj-ijl I jl j 2 uj^-iy-l 2 )^ 1 1 M~> jj-] (ja _ji 4l^lt I 4 J _ 2 ~> j i~ 1 1 

4r I ...I I ' Ijlic 2)1 JjJ aU-jL jj-u -i5 4_j^J I la l*i a jk-> J- 1 -i J-U-o ^<Liala 4_i. 1 »la~ <jj 


6jai--3 < ) 1 -i ilajj .4 Oj-li lajj la^J 4 _ | U«J li*j ((jajjjjjjj <>« j»-J^4-ll (7) 

yjjJI LfJ ^yj-ll ifiljj-ll u! -3 (ijj-ll l-*jjj op (*-“ llHU Ja-lj LjJ jkjalj-ll (jas 

.j 4rfVl»JJ isotopes jjUaa ^y -ft.nu < J-xlil i^ya 4 fltt-N. a Ijljcl L^J ifcjA J! 




(jljjjJJ tnj Ca V J » a j Vj .JjJL-aJI ^)ju 4 1 > 6L^VI tJJj ^u*\ a s j|| 

< 8) ^ 

I.V-i-a ^j-A _ (_g J iU~ j » ... a~ I jj I ^uaJj _ <LjJIjJI <Lu^a^.II 4 < i^-il A II 

1924 •UxjiSl ^jJ ^exclusion principle (s-LLliVI) jLl^L^VI 
Lo ^ylc. (W, Pauli (1958-1 900) *_**'** !j lsj ^ ‘“ a **H 


<4 m i i \ ^jlxoJI ^-S ^ t j(j L jl -La k mi t j-a ja^V a \ V 

■ I <j-a Jj V Jjjjjud 

Jj^Ls <<£.LuJI i_jjLic. (jljj-l 0 l-a..~Li ljl 4j| «<La.jljjiJlj)> ^ 1* ij 

<4_jl . cLi_s I I ■> u a I r- LLLoJI jJb |j_i_oJI I SJb . a I ~v " V I ;j_4 ■« . _^S f l 

<1_1_>_)_5-J (J_aL£ «• lj_i 1 (] *'l £_« 4_iJ_u3 4 ...->■ *>M |_| t III r LLi_0 <1 i/AjI 

1* a 1 A j 5 j j .-.I II 4 a U *i a \ Jjl V jJ Cjlj 

*) ^ 

^La <((Sjj-ll» LAj-JUJlj jJLLuui ( _ S __S SwIC-LlL* j m" \~1 CiLj'jj. lfL iyi (j-o jk-C_>JI 

✓ 1# 

^2)-° ' * j * * 6^“b 4 *% «■%. -*. fljj A II dllli 6jJ J-jJcxLuili 

IjLi jVJjdJ-L! ml Mil ^jl V J V 1 fl_AJ ^ U1A 

CjUji ' ~v a I(j Ji.j.a-11 (J^j <j\ It » II (jlX-Mj - SjLaJI CjjL^-jI < ( ^-aj^>- ~ L. < A.iy I 

t 

j'J)^ " ‘J * ■ — 1 4jlJLi j a laa *« a 4 A. U I ^Jl La (CiIaIaJIj 

. 4_iJj 4JI t « ■ « -^A. .^. j.I./Mi ,i_! j ‘41 ,<1 aL^ 4 n ft I Vi SjLo 

<j^Lj-!I CjLjjjaSLiy I I_4 > I<A*1 Llil J < AVi ... . ^ J .*. , I II 4 i< £> 3 ^xLoaI (jVI 1 W** nt 
jt %~r VI % .j ( y J ±Lj^ 1 rA ' l< iSUo jjjjl I 4 J , jJljl cjLijI j_cJI . € j L^_i ijjyj il~'~i 11 > 

(jjjlj-aJI Ij-Aj S (_gjl-\ A II J jL-> ^ II Jjl (jl .jl 3> t~i „,VI 1j_i_o 

j4e- a 4J14JI a^JV! uM liJ fj u-^j lt^ a^* <sS^i 

1 <*1.A .ui oLjj^h^-I^U ^.J5kJl f lijjVI (j4i a L fK ljl (8) 

. < a j a jj I ^jj S >Lv lj Sjjj Ci a*»1 ^jJI 4 ljl_U.ll <jLUJ ^ Kll (jijIjJI UjLmi^o 

^U^JI ^La-jVLt \ ^ 4 1«~» > j <4-cl ljl (jljjJ &L^jL» jj j 3 oljjjUJVI *- ft ( 4. & j a 1 1 

.(J > <<~>1 (^jlj dli (jiui IjJ «<£.LJ1 i^jjLa£. ^jljjjJ 





jjJjljjJI jjjjk j-e (jft j^J (LSjIaJI p jl S jjjljJo j^ JjLi 

/ ^ ^ ^ ^ 

Sl_g_kUL£_> iSLLJI ^ 10 ^ J ^jLi 1 air. JJLiIu 

v> 0 & p, ^ 

< Jj^JLi jJjujj <Jjua.^Lo Lj_>jl jjj j .<5UaJI I 4 J jl 1 -y.i 1/1 (jxuJ 

* _ 

jjj J jl i~i o || J^UilJ <La(j _w> ((4 1 >A-^.)) <ji_ui ^yJI Vj-ta J ijlil Ll-lJj-Sl J 

Ij-A j J L a 1 <5jj jj-fi J-^.1 j jjj ~i - < L II j-o ^j^l ia.JJ La ' . > ~v j . jjjJlSLIVIj SljjJI 

gj i ^ 

cJ^LLal < ( j l-il 1 ~i II j_o Lua> I ial a Lc._j-j 4_> ((JLa-aJI)) 

LsLL cl L~ SUoj. n a » 1 L I p cjLjIc-o jl j. > >~ d j .iSLLJI j_jjj_a.Ii pj s jj_ijl jjLI 

jjJl jl j*\ a > j .1 $ 111 a i 5j 111 a 1 1 S oLjlj^JI jj> . > I a ^^-Lc. I 

V jj^. (ji <SljjJI ^ S ^ jj^liJ! Ijlc. jjl*JI jiajJI jj! jl 4jLiLa. 

cr® UJJ-^V (j^Lo ‘IjLualiJj .p ^ jj>i£J[ ^^ic. JLlA Jji-aJI j^-oj 

" # " « ^ 

S ^jIcaJI jjj_$ji^JL> <U j » <ti oil 4 at-. "will i jl jjjljJI S ^jIjjJI 

i^Lj <lLc! jua-o I 4 J ^yjJI j) 1 1 (j 11 Si j ' I 4.Lel5CH ijjUJI S jUI (jjjjLaj jl j 

jl p j a > ^La ‘(^jlj-ll L^cLidj^ j_)l_JI ^ >*>11.11 • - » ... <j .ol_>-a 

y j* 

j^ij j <4jjLaJI 4Jijjj (J^jLaj V jj> j <S! jjjl jji L_i jl^jjjkVLl 

i 

.(7-5 J^jiJI joj-6 jA ^ylc.1 4uaUa dilj 4-a il~i ^5 j 4j| 4 ,V»I1 


jl A. " xu\ jVI LUIajJ <<jiLlaJI jj^JI dlj j 1 *■ < a il I jlj 
jjj^JL jjLUja ‘^jJjVI j aJ- > l l S jjijj&JI jj» Sjj 


J <^ . ~ L^jLi CjLj_jj^JVI Jjjjaj 1 .^jJc.^1 <5UJI Ij S Jit iti I 

^ ^ ✓ t * 1 o 0 

LiU <t>^ Si jli\ ^-o iijji <y£ j-aJI u a*! a a U 

^ 1# 

.(8-5 ui II) til S^) Ji-o l^-» 



^ I 6 jj *Lxo_J (Jjjjflj . 8 “ 5 JiAJI 

i a a a o ciNi: jj-fl >^1 u-ilS 



^ . aI I <beryllium ^4 ^jjJI ajj£. ^jJI^ ^JLiJI j li 

<_,-S LdJ.it {_ya J^\ CLij^iUI JJX. (jU IjJ .Sl^jJI J^a. 4-*-jjI L# lt 

f’ j. 1 " 1 .' ' 1 <jr?olAJ oj-p^V' ij\ l} ojj^V' 1^4-1 u^“fj 

^jJI <boron ^jjj^jJl nl -> 11 j n-i \ a. II j]Jj j » » > .^jULlI s {$j\ j_ a Jl ^_s 

j_iV IjJ <^j^l—o ’>1 \ 11 s l$j I j-a. 11 ..-•! ~-jj ~ ^ 11 <_i.ji aA i j 5 (gj jJI * jj_t 

I j_A (_gj II I j j lijjLUl p CjL>jl>A-aJI (j-o ia.lj (_J-S jAj-> (jl (J " n l ~t 11 
<P oLijlj-o <j^Uj iillj-A t j < 4jV i j i II ~i II < ... a -C. II j , ^-,1 \ » II ^ If. jv M *\ II 

tjjj IjJ 4" ■ “ ^yjl J i/~> i obj^<iyi f^yci JJX. (JjjI CjLjI-1 a 1 1 aj-4 jjjJLa-ij 
j,L. jyAll j^j_ij ‘ cjLj jj-'All 4 _ls ^ j jJ^JI i_Jaj 4.i i-4i ^LJ j i_ils ( jjl-j_5_jj^J| 4"> inj 
(j^j .p ciljjlj-aJI (jj f-“ ‘*4 s ^ <jljAl 

J! energetically L^SLL ^ r„^~ ... „l l ^ cl ^Ljj^AJyi <jlj-4s j^_> <4_sjL^_JI 

i_jt L« * ' ->.1 Jj >■ * > » i jlljjl j<L» Lq^JiV <5j mall (j-o (j > 4 l~i ^ p (jjjjl j_a ^1 jL4u 

4 » -> k i) .i- 4 » A l jA.Sfl LfAs JA £_sj (jLs ,j_oj <_>AVI 

4 J 'l l xJi j M I ^ VI t JJj^j <p ^jlj-aJI ^ jA.T (jjjj^JI (oljj_>3£JI 

. ^ cjCj j > jj^J 1 .tif ^ neon <|c»l | 4 * . ^ fluorine ^^lill^ 


jjAt > i ■x. I j i 4 * I La 5j m < 1 1 4..I m il P CjLjIj a I I ^ > . A . ^k 

^j-JtVI (^jjJI (5jlj-aJI J « »| J (jl (1 1 ^jJjj_u£aJJ (_5jjJI JJ-»JI) ( _ f JLliJI (jj^pAJyi 

iji j) <‘i 1 1 II Sjj 4 i'i i i 4-^-i i iti jX^j J j-uaJI 5jj 4_ij-J ^ .jAl S ^jlj-a J-&J ‘(^^-*JI 
tijLt ( _ f _a S (1;jla-o ^ V^ 4 

- Jail > 


jjjj c- CijAs J— O tl 'i~i L-w J 4 J P |1 *|~'~1 ml 4JaLfij 6 jjb 

* j - _ , 

f4jl_a^| _a, t-S^Lc jj-o 4j t.l^.JI Sjj 4_i 1.1 LajIj jAJ .tlLIj l^xM i £j| 
unreactive ^ltl_L> j_it ^Lc. * ' d H (jl iijji-o ^J) LiAul 4A.1 

4Aj_jx. cjI j Sj_i_a. j Sjj (j-« 1 — aJj— o jLi_ll ^1 monatomic Sjj-ll ^jl_a.| ^ 

(<;jl_a.lj (J-olA _^x.l jit j_d J <(jj_ijJI (jJI J <(_j^a.l j ta l k CiLaj Jjlj j . 

^ ^ ^ 

S jJaj I '1 j 4 H taj n il 1 n (jjjjJI JJLjj (ljj» .CiLij^iAiy I (j-a J-ojAa i_4Mt 4J S^jJI 




5 ^ •* 

\\ juu v. j flj-^, ^-LcLij ^ ajl till ^-ic. <JLj^-uj 

» ^ 0 s 

^j-jl—i _ j_uaLi_C. < I ~il aX. i ^Lj) u 1 1 II J J. l _ (jVI J -J 5 1 ' ^ o I— i^Lc. jl_k J i -k ,j 

* 1» $ - ^ 

LaLoJl <LfJLA_i ^ ^JjJj_loJI Sjj ‘Li-.L.l (j! ,lj_2k ^Jx-lij J^kl ^jjJL-0 J-A J 1/1 II 

I A II ■■■ . ' a I . J o-< n II 1_9^L*JI £jLk Aia . J LfJ J ipj) M JJI Zjj dj \ 1 1 

(j-a Ltlj) mf I » *-v~ .-. . .■ ' I SjLaJi ^jl i~u.*> 1 I jjb j t j-l-oLolJI pSTIOdicity a_j ^ ' tr 

cA ,a.A«.i L^jLuicV <families I 4 'i*CJ I j </i< I I s-LUkc^ll 

1 # ,* -£ ^ 

. <1 ^ *1 m t a d n ^ uj 4 ^ il t a 4 Al < a 


^ -k ijla-llj qI o*l li <jl, t 441 <1 fll I jut 4_t.f -n. 1 ^111 j^aJI 

6^jJI ^-k \ ^c. <LdL> <j mf. ^ 4 ill *> II 6 ^ya ill lIjV 

L$_J <j mf. J—culUll k* k dllj t (j)-0 ^j-oLlaJI 

* 

£j| ji 4j9j ! jJL^JI 1«JI JJ-C jL A^SJ itif, £_^iliJI <^>*k k O k ^ 

(jij pj l..j ifCJ <<iU jllJI jjii <LojVI (_J-S Li j^3La 1 ^ > (jl J-4J .60 

((jj^AsSU cul^ j < 0-1 >l^JI j <jjiAaJI j . j i<al if. I ^ i 

CiUK * .• jail ^ *» * o ■>. ~ I' ^^la-oJLi V (1^.1 Q -k.il « II « j ical 'if. ajjk j 

»L 1 — a 1 *\ 11 ^1 j ~i » \ <_jl 1 < ( j_s SjjljJI (R. Boyle (1691-1627) 

<<itiu <^Iaj fLmaJ ,j-& .The sceptical chymist (1661) aI.^^. ~ i^,II 

(j-° j) pi ...■N.1 j-lC. <L5^Ua) jxl III -^L-1 d U l~. ^ n J If 

t ( * t t * * 

(£j-'y * jjJLIIj 5l « m oil pi i .i -v y I aU i CjLj^U (_j-A j <1 h~i 3i .i I Q ■ A > x * 

.ijLflJI ^ I ^ Kl^'i (^illj (oljj^JI lilt Ijji n's ^j 

' % * * * * ^ *fs - 

4_i pLsb < Lxjl k 1 A C. A.VC 1 <LjLfl->u[ (J-51 /jiJ*ill l a_i j_a_> <Lau ^ 

: ty L Lo ( _ s Jufc ^j-a jj <<UjljAV 

' - * „ i 

■ j '_* “ »j <iL» L$Ij>=^j (3 -° ^ fJ jlj-Jl j A ^X'i X ) l 




Jjj <jl ^llJI Jlj-uJI <±ij\js!)l ol 

j i /-ill » It JjJja. (j_a Ujl « i~ ml (J Jlj t j nil *|C. I * j »* « *« La ^Jl ' j (j -» 

. JjLJI Jjij ^ 4-ojIS <JL>jl^sV Jxl alii ‘liiljVI 

> *1 <1 jjil (1 (j 1 il~a"tl Cjaljj Lajlc. I fl 'i-o '....La., jl a. jjiI jL*J JSj 

s* 

6J-A <jx ilajJ-aJI ajLaj-xiJI „V» "' >JJ -L-LS (jxjdalA. Lil£ (Sjl^-^JIj P^.<A.II^ Lfr-j-a 
: ( _ f JLlJ( (_j^-i i IL» »j •*•' > * 4 a ..j L i j .^.aH <Ll£ i_sj-»_i jl <<Lulxu£J! <L>jJaJI 

.(jjjjJI JaltJl ^uAj l$J Ciljj (j-o SjLo jj) J4^>uill 

jxU) H. Brand ajIj-j ail. a) .>. a ■ ° .^<*^1 LajAx Liiia. i 5 u>,aa. 1I j 1j_i 
-L)J>S Jl>^ Jjj-?- J-^ajx Jjl JJ=> (jji-gaiJI ^jjj-oLa <>o (Lu_>3j 1669 

aJj) I J II (j-lx (j ' iAj." 8 a II jj ^ I ‘II ^ .a. i t j. ' joJ jiJi <<jljjaa. ^Jl I |'| -a n 6jl^=a.| 

i4 * * * s 

J ^ ***** Ipj) I n A j> JuLL r> ^ j* fl^k JuLs 4 " Q « j l-» 

* *> i * 

J^-uj ^ 1 i i <Laj^c L-4ailj jL-a J <^1 LaIjI^ dJjj 

tL^jbLIa ^ * j, ^ ■ ■< H 6 j_a . retort ( ^ ^1 a. %_\\ ^ ^ ~v ^ o^JI 

^ j ^ ^ ^ 

<JJVI ( _ s -1x <j 1 <(jAj-«JI <LaJli-aJ <lL-ujj ai>xLc.l jj-oj <*-lj-fJI ^ £ ± .*-A jZ 
0 » 

j. t a.5-1 jJjJ o-jL^ i j_j1 j_i ajA-Hl (_^jJI pIj^VI (_j~s JUJI jf Li^j . ^ j . a ..l 

a fli jAi ijjJI Sjl^JI ^j-A (^jjJI J-a^alja*JI oLi^j^JI (J. j. l jk .’ l l i~ J . A « ~' .gul 

i * 

<^L->— II » gjl J_iJ^_]| ^lj ~ J^i (Jj-° all J-P I— jI j ~a1 L^_J| 

lj\j ■%■)! JjJj ^ ..X*U I jLL II I,_il . m"'^ jU alLljj <1 A J. a .j (J-axj-auj LaL j 

.^JjjJI dlu^l ^jix 4P.LJ1 

J_gj ^<1 «<• I *» .y. II s jjUI ^j_a_i ii.uiiii Sjljaa. ^lc. (J^ ifi a. II _u» ^aJI ^yo ^|LL 

J jx> .SjLl^ cA aaijx (JLojlLujL* (jii o iti.ll Lfc-ljjjl o-0aiS ii^LiJI jlisVI 

£\ 1*> LAj <^>1 Ifc jl j).^Jl (J > 1 -^ *> ^ \ 1 aL» II ^jLI O a gj Sj v \ Sljl 

^ 1 ^ . "* “ 

J^lJ iqq l v< -^**1 jLiJI voltaic cell ^UJ l^ill ^uJ^JI 


^LuiLuit jjl^j aiiui^ IjJ iLi_ufc j L.jJ Ia^-lK J^jJJ jjl <-U--w Mx Llj^aj VI a_.i^ ■> (9) 

" ' 4 

<J.atA (j^«lil 1 -Lia ^jja LS^UaSl <c_xifcAJI (^1^ Jj) io-fc II 

***** * ~ **_ V *.".<' 

.^Jfluirw u_»Ji j j^JI (J^aj jjl (j^Ul olj jIjaJI 




!j. i (jl^ Lujii oljjjjiJyi H. Davy (1829-1778) <sj * n * 

JjJ j-iu / >$-4i o-a Jfl » oi l ^ <UjLlLo 

^L. p i 1 -v ~ I I <1 U '.,l^j ■ * ■ "I " * < II i al .1’."^! ^_a _ 1 807 ^lLc. (j-a JjVI 

(J >ln..~ II 4,ln...il^j !j) ..nil j»j 'Jd '— ■ ' A " ^j)ax».i13^aJI CjI_)Aj^ (^Ll ^ a1! 

JjixSi LX>?- -5j^ «n‘w>l l (^.jjJj-uoJI cAj>Jj£) D j) .XT' 1 1 

.j-S-iJ d a ,^.~<l Lo ^jny n O^VJ -4iL4jjSV 4 n-tVi « 4 -n II (jxaij)) 

/ tut « xxi—] I <*k J «j * A A ajl * in 1l< II * . ■ il " jjJI <-* j t. ia 11^ J—xO lji_c. 4 *1 m 

JjJ^llI J) mU~» i^JjVI iikjjJD <L$6 a_uj (_jjJI <i ,al-4.15>VI 4^-J-o 6b I jjh 

(J I * 4 * ml ^Jl u*\ 1 1 j-^Li*JI JJX. ojl j .electrolysis ^L^^l 

J. Berzelius j . l -jj > « j *« j ■>■ ^j_>ji m II ^ jt < « > ^ II . a .^.~ *vl »iSj .1818 ^Lc. 
.selenium «■ j_- 1 ?■■ J l .cerium ^ f.. II) j-^LLe 4 SM 6 4 f„ a j (1848-1779) 

" t 

C>’>l ^ ^^JjJlj .(j^iJIj 1 Jl I Vxl~ f I (jJ-ll J-.X-ll V» II j JSJ Jj l~l i.ll^ .thorium ^j^ill 

*1 $ ^ -0 

.Lix.L>Jq 4 _aj^La CijlSj .alchemy 4 A.i.y. 5 Jl &l-> aj^JI ^Li.l a p. Laj 
Ce (Jj~o <^L^I &j-A ,J..J I (3 Inn* 1 1 1 1 ..jjl ^jjb .4 1 1 aC. 4-1. .1 -A. >1 I j_j-oj . Lfl ‘if. La® ^C. 

Ij_4 6J UAt > ^2x3“^^ 9 ~ /\1 JjBj jV J ^ j I fh 1 1 1 1 1 ,411 11 S© J *J ' ... 11 

<G-a_Alj LaJbVjl <(j if.LaJ iii \ u-i-4-ual^ <4 1 flf JL^-o J^ila-Vl JAuUJI 

-bjjjaj-i J) I » ~~ 4j^Laj Jji-I ^-a LaIj^.! 4 .^. a l '. a J^Lk. 

ja i VI jigsaw ^7 jl a! II ^ U ^ ^ 1 1 ti \ o J «r. ^ '_ * * ‘ ji ^ 

* + * " ' ' * * ' ' 

j^fklL jl^oJI pi. >-ix-il % Jjl Ijj dil .^-Kj II (j-a 1 1 aW IjJLE j_ij 

4 j ^JJ If. jJ A n ^ In a II Jjjblixxa jLua Ladle. j_Ju£. ^ ml~1l jjdJI Jj-a CiLij-i^,i.u»JI 
< j <x-nl * 1 » 1 1 4_lC yjJI .“.I < .^-.1 A. II LaJhld^.1 < jLi^J! Id^J jjl~ a ■■■ 4_oi (jlS I » » j a ~ 
CiljjJ 0*1 II (jxiIaJLJI i jJb 4 ' ‘>1 1 II j .l^iii 4 ajI < n >*s II .-.I aM~ n.Vlj ,~.l ^ .1 ,m~ II j 

J. Dobereiner (1849- ^La 6b ld_A .4_>jjJ| L^ljjl j .j i«nl ‘i » II 

4 1*1 1 <t_yuj\ j-eJI ^-S a. U II ^l~» < j»Jj j^jI ill .Jena il > > (j-o 1780) 

— I IX ^U. IjL-i-ul ^_S 4 Ijj&jl — 4lk^UJI isl a” aVl J.Q in j)l^ 

o ** ^ * * s 

Ja^.V j-Ala .(j 1 1 a 4 4i II ^j_ijLa /j_u jxl iiul jL^jI <Lo ykx. ^Jl Lij^c l p > * -Ia^ V 




l ~*i I ij_}j Liljjl I >M i n ,< d_$_iULlo j . — >1 *< C. ^ya <Lix*_o tflSdS CjLaj^LjJ 

(jjjjjJI Jx*-a (jji ,-jjjjj j_uali*JI &XA {ja Xa-I^J (1; jx!I 

bromine ^j_>_iJIj chlorin© i-c. (j| ijl *1 « II (J > \ m (j_Lc . j 

i lxj^hJLj 127 <80 <35 < 1 \ * 1 \ .a. i.^ <Lfr-.il £±i a lodinG 

<cjLu^LjJI 6j -A ^j-'° ^-ic jJ5^ .(81 jJt 127 ^ 35 

0 * 9 I' s $ S , 

.tapestry 1 I ^ uuj <Lo <„t i.ml <^JS1 tr> <^ <*al !>> II ^>1 c*I >V> Iia ^j-o ^ 

«* 

tf ^ 

jt-JjLj ^-i,.l 8 ~i Li_A (_ 5 J- j1 V Uj .LjLa. JljLa I I (j-t <.*i a-A.ll 

If ** 

^J-S l~l A|j 1 ,,| Cjl l^V-lt «~l 11 1-0, -J j^j^Lil (J ij-l^ll 1-1 III ) jl ll-l~W.,JI iX$J J 1S~. & A 

S^jxX Ljj j.t-v « *oV jIa-oJI V jjjljjJI a^-> Lo ^>i»^ id t,La.*.ll 6XA 

J. (jjA. Lo^Jjl .^-J Ml fi II Cl -V.I II d_iLoX I jug - m l jjl ( Jja (Jjjjl 

(_|^Lo xa j /j 1 1 1 U i j _ d ij i l*C il dJjLc J vLiii iNewlands (1898 _ 1837) 

1 i a» J 1 J d*> II jjl (JljLo J ld"l l,> d-lJLfc d-La^jjj < ml n j. m'l 1 1 jjlj l'll*\ 

^ "* 9 
.Red Shirts j^-Jl ^Li^aLII Sj-oj ^xlLujli. i_ijL=»- J <-^15-^ 

XSj (^7 j ij .« ‘i il I \ i.k Lj , j^_a . a .^.~*CI ,j K'J ^Jl <LaJjj| jlx. <<L£XA Jj j a -v ~ X*-ij 

d a*i d <CiLiJ^liU _>aJoj ^j_i^J_i jJ iaA.!iLi dj| 

j-i^aLuJI i_u__)j LoXa£. djl Xa j lul'XA j .(J5VI (_yJc. d-i>4~JI j 1 /- 1 I *i » 11 dlJiXj^ id j a 

j » i iXil i ii^l -> II /j-i-i pi (] il ,7,-.H JjLa idjjjJI l^jl jjl Xjl^ll Lia j d 4 ii-i. 11 

djj) j ^ n il (_j-® J idjjLiJI j w-il \ajl Cul^) j djjLaii 

jlj.<L~JI lj_A i»->x id— lAiaLaJI £)lx^.SU * J-J-C t j<al _> » ~i - ■ i i l ^U~» 

- s i « _ " * i 

d a K jj J .law of octaves «ol l'iLaJI ^jjLS)) al n mj t^.j-i HI ^-aJI jv l mi l CjLo^Ljlj 

IV i iti al d_j^ dj_a J -v i ..j X i ^ j| lUli Ll <1*1 jJI j d_iL Ml .i II IxA 

1 Vil till jaoLIxJI i-i i ijH JjLa djl I i dixl i^~i t> Lajjj ihii 1.1 l^-ili^i 

.LJJAC jLi » x i (Jl ml idLt jt 

6 j'C.i . 1 II j n-il "nil Cil i ini ■> II ax^-i ,d-oxS I a ui (j_a. !j - lx (jl^ idjj ,»_o j 

i \ 111 (Jjl (Jx. lx I Aj (j^-1 ‘ ^ ° ■ ■■■ j « II .1 I ill II CiLa^UJI JJLo ^1 » 8 J J ~ ~ 

JLaj^l J-o LjjJ j i ^> l » » I I Ciljj (jM 




Ml oil lj-4 (jLo (j^J . (jj > CjLjlj-oJI JJLiii pljjjlj <<uLkldll CjliuiaJI 

(J-S 6J-C. 1 m ni l ^)l dl <Jj>k I »<* ' » « Ciij ia-La-J 

cJljLo dljjl CajI^ CjIj j-ll (jl dJj < Id. -A. < 1 a n .A Cj-»L^ j >ut£. £- ■ ■■! ~ 11 v " (Jjljl 

^ J $ 

.LojI jjr. I (jl^j <U aj aLLo Laj^-o 

o o e £, {. * 

D.l. i LuJjjJt (jfi j ~ * :1 Q »1 <^ujJoJL > 4 > A \ II 4, ±-h a-a> in II 

liix. <j iii r. j_^.V jJt-ua^/1 ^-Vl ^Mendeleev (1907-1834) 

&J-A-UI 4_o1^ < J j i r%l) 6 ^-jI 0 jLua-JI ^ ^ V Llfi J j In ^-ifc 4 A t HI 

4_o^ji_j , \ \ o a *» ]l CjIjLoI 4 > 1 r. £jj ^ I-*) (^jJI L-AjVjt j » *^1 4JLjLa 4-jI \ x \ uC.j 

< 4_oLjlJI cL a X H 4- i lA< l a. » »n I. a ** a 1 J-J ^jJI Jj-L^j j .6jUJol 

jJs j i* II jjx. <^pl v o, i^.ll Osnovy Khimii a La-mi ^jJI 

jl^-aJl <_i 4 _Lj^Jd ^., 1 yT\Ti 4l 1^ iti n \~\ .at^ ^-1 1 1 1 

4jK^. <jI LLa IjJfc ^-S IjJ J-i Vj «4il^5 ^Jl p. •^■-ta vo ^-fiiaJLo i.uLt 1 g a iS£\ 1 
** * ~ * 

.4 Q ^ II £jC. b,\\X\ l^j| ^ in 4 _L*jJo 

Lajjj Jl^lo Sjl^ ^ J JJlJ t 6-U» iiill <jK^k It 

& ** 

I- 1 If. <I_I«~I II <U J I~I 1 1 il LoAitj <j i/~iI 'nil ^ a 1-1 A a ^J| ^jJI < |<J < ^_jjl ml 

Sf fl *i a II (j-S» C5^JJ 1 869 ^l-C- Jol > ■*' j JoLi—ii 1 7 ^j-S ^ .■! » *» II 4_l1c. 
La 5j_iiil_i-o .~|-I~^ Lojjx.j . c-i^jlla-aJI ^a-Vll ^-ic. \ X II < ' a ~.ti j^~» 

51 h\<^j\ *OA ^-0 j»_UiS .(9-5 n l l l^ U* CT^- I- I fl l^ 

^jJI 6jL3 <Jj^Io Ci^La-j i_aJh 3-1 1 a,.\ i f , (ad iti llj Jjji\ i_iJl 11 ■ /. . _ .^. 

•LfJ ._!» I J fj; J) t A 1 1 jj^jJl ^yd ( J_ka ^ If ^ 1 ^ .^11 | (j I i’ijIj j ■ ^.1 ‘t « II cl J ,..] 4 ' l ~ *\ 

* 

Ci <<i j I L^_ii j 1 1 ' I .i <-)l*\-i. II i *1 l*i.i lj) at a m ^)-a_a JjJJ dij 

j i ^i l *i » I I <jlaSi 4-ilSLa. (jlj <^la. 4-aj dJj Jljlj (j-ijj L» (ji ^1 /l *' 

fi SJ! 

.4^jS^k II jJ-u 4,1x111 ^ 1c. 


jjLjjiiJlj j jljf 1 (JjLSjj (^jjlll a~ 'L> Ijjh (10) 
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Bel der VergieWtasag der gahudoa Z umwmww cteiay Ac* Kona ntt d« 
d» MeMi erytob! deb, daw wkw gtaf®: 

Ixk. IUa Mtaln 

VM Proa 1,141 Proa MU Pwe. loumuxm 1M* Proa 
Dstob warden ventiaht 3,988 Proc. Meh], alto UetrRgt die Different 
irj Asalywm etwm 1.1 Proa Verf. ptaabt, &am dloee DWowm 1 m Stlrko- 
nUJt u anahen tat, well dtoeer dd> ntoht geaaa bwUmmwi HaaL — Dto 
ZuM mawtu ae daw Mablprobe, eelcfee Boob alto KWe enibMt, stimsnte 


ZuuaOMtiuf daw Mablprobe, *etefee nocta alto Ktoto entbMt, atinaute 
hit vCffif b herein dtdnda gasaea Roma. Ea wsrile gef Dudes : 

Waawr 10.741 
SOekitoff 1S« 

Sttriw OM 1 S FwOlCaO MgO K0 KaO PO. 

Atche lfiO.% woria O^Si 4.340 (4,121 31,688 0.704 40,720- (02.UI. 

Dagegea taatte dn Met) lies fasten Korot, ana wetofaen 13 Proa Ktote 
abfwcadwt war, folgeade Zaaammensetwuag : 

Wasaer 10J4S 
Sddtotoff M18 

j&ixto W/ww FcaOj CaO MgO K0 HaO PO. 

4k tw 1,082, worfB l AW I2.42S 31.4*4 1,878 48,761 — 100.943. 

(Ann. Ch Pbarm. 149. 343 ) 

Daber d it Baatohungan dor liganaotaften ea don AlorogewloMaa 
d*r Etosnente Von D. M ondelejeff. — Ordaet man Element* each 
weebmeiKien Atomgewtobttm in vwOeaie Reiben to. daw dte Hortoontal- 
reiben anoJoge Element* enthalten, winder nacb annehmendem Atome*- 
wkbt gewlnet, to eriOUt nan folgende Zn*unmini*telloof , aa» der deb 
<*agv aflgttDdnere Folgeraagen abidten toateo. 

Tl — 50 Zr — 90 7 — 180 

V — 51 Kb— 94 Ta— 183 

Cr-81 Ho- 90 W — 186 

Mn — *6 Bb— 104,4 Pt- 197.4 
Ft— H Bu — 194,4 to — 198 

NT— Co — W Pd— 106,6 0»— I* 

H- i Oft — 91.4 Ac— 108 H |f — 200 

Be — 9,4 Mg-24 Zn — 66,1 (id -112 
B — 11 A) — 27.4 7 — 88 Dr— 116 An — 1977 

C— 12 a -2S 7 — TO Bn— lib 

K — 14 P — 31 An — 75 Sb— 122 Bl — HOT 

0—16 B — 32 Be-78,4 Te— 128T 

> F— 19 Cl — UA Bf — 80 J— 127 

U — lib— 23 K — 30 Hb — 8 M Ct — 135 Tl — 204 

Ca — 40 Hr — 87,4 Bn — 137 Pb — 207 
T— 46 Ce — « 

TBr — M U — 04 

TYt-60 1H — as 

lfa — 76, 6j Tb — 1187 

1. Die nach der Grfete de* Atomgewieirtt reordneten Kfenente aeigen 
dne tttjfeawetee Abiadwanf to den Bgwweiaften 

1 . Cbewtoeb-Mtaloge Etotnente baben emweder Bbereiuntinunende Aiom- 
fndebte (Ft, If, O*), odw totatere nebme* fto*e*rrtel an <K. Bb, , Cai. 

"1 8. Dm Anordnen naoh den Atomfewiobten eutapricbt dw rfrrOiifkeit 

f dtr Element! nod bit n due® gewi**n> Grade dw Vetaebfcdenbeit im 
1 . Mmutcbea VeHuit**, t. B. U, Be, B, C. N, 0. F. 
f- 4. Of* to derNatar vertewitettten EJemeate babea kUi ** Atoiagewkbu 


(»Uai S JI <Ia. Zeitschrift fur chemie <k-JI ^ Sj jl ^Jl 4.^ .^1! J^,V1 .9-5 JSAJI 

o * * * ^ 1 

<JUui^3 L 1 g. (fl <1869 jkLc. 


|JLxJI ^Jl uA u is \ jet r<L_c_> c_^JI 0_il^ Lit J 

^ * 

x In ; v j-LuiLj Lx-o j .i A jjJI (jjJ <periodic table Jl 

(J lol \ % II t 1 1 ^ *- L< '* -iJI J ajl3-^uiI j-5^ i x n genealogical 

. - - . «s ~ 

* * — . — ^ p * + 1 

l y l0 <J jjV Ij ioic j iii£ 4jjljj j ■ —2 *'<• j til «*> jl jjLi q 1 (j il ,ti~ 

a j-i jua^JI ( jJt SjLt i i — ■ , i *t > I dlLlAj lj_A JjXsJI j-^oLIjlJI J -ui.,1.1 ^jl 

° 9 * 

.Procrustes J n in jj * I ||^ I iii ^ i I I 4 Q >j l«s 1 1 « 1 » ik jJjj < 1 *X I i 4 . x A J l 

1 ^ j\ aLLa-^si AaJ jAj 

* 

j»J (IjjjJI (j-iu n II j lol^nll . jjLs j_a 

i.vTi^IaJI ‘ a..lv. A J »Kl IjJ u& \A ,*% II <Cil m~ll ^ jj)^v*!.l Laj^Lo 

( r £j j-ll (jjj-ll (jV \ AO A ij^yi ajj j ji\ i 'j jljAlj 




m 


Jaj ^_A j i .-il *i » II ■ J at a :j_uali*JI . ■ >~j" I jl »»■« (J <Ait| -jn > 1 

^ ^ i ^ ^ & & 

£jjj V <jLs ‘LoLaj *Lo ij)^-Ln j*j_JI Cj'v t . it JdsJI 

J A > .<Li_Aj_0 >1 <<La_» ^jL£ .<jL£ 1 Ai >1 J J X II t_l UJJ Lai AJ 


<L»Lj La.il j 


cA. \ *s"\ ^ ^Jx. interpolation ^.IaIxII p-Ij a*> j^VI ^ * * u ~ > ( ^ \ ilt \ J j, i^JJ 

. JJL-i < , fl ^iJI ^)-faol t X II .-»i » .^.1 A. * L i.VL> -jl Sj^l Jl j-^allxJI 

eka- > 1 ^Vl si ' Jul LaI n ml ^JL-ll J »ol \ X II C»L > <<**>1 -L IJ Jj- 2 kJ-J t I ' ~ IjJ 

c*3 j ^ j x^aljjJ l s la -.a ^.~»< l ji j <eka-silicon ^<>1 ...l l sL-itj aluminium 
^jjjJI tjjLJVI Jja (Cjallium ^j-JLe La j.n ■ Li (j-jjJI < 3 1 * mljaJl Jja 
i in jl 1 .a J il Ua.i . '*\~ijl jJL! . > ~.j ~> 11 1 ^germanium jkj_ijLoj^. La^Aj^ii 
JL^U <alLJI sjljVI (j^J (_j-S J LfJ j^l j-^all*-> 

dlJ.~> ^-l-i .» « ^ ...I 'i* J-S-fi <4 ,1 i/-i a i La jj * s C*jl£ jjJjJlj <i_fij-jJ.di-a J_*_j CijI 


.pII^VI 


.(JjAaJI jJaJLs £jl i ja-aJ Jj^.j V j <j .ollc 110 LjIjA 1 ij-xl (j^-a 

JU^[ <110 ^Jl 1 4-m^Lmj jjLu <LijjJI jldC-^l ^jl (La^jI 

LbJAC (J i i^t i j toLr . at ^y£, £j lm \ 4-Sj. fl~i a j^jLSj <Laj^ .p.^_*xi 

113 _) II I ^ l f - <Lg-i-c - *'■_■ ' ^ ll —li.uji,.' jvli jjiiVri jjjUiJI sj-A (j^-l <1 14 

4-jjS <4j a-k Lot <(<j-ajjl^VI» iilfjJI (J- A S j-A .JJU <jlt ^JLJ j»J 

• ixLojiJI iiftAVI (j-o J >lall > VI ^ji=ta_i V jAa <V jkl <±1J J-uoj Ladle. ■ aa j^l 


sLa n£j?* La^j . 1 0-5 3 . ^v .. u i, 1 1 ^j_a 3 _' J ° J j. IJ tiudaJI .L 11 

4 -oLjJI CjI s i i i II 3 ^ I ‘ c -ijJ 00 Lijdi t a t » I \ **l a , ^ x 1 j * ' jXj 

^ - i ^ 

groups lj-oj ^4_i-l^.. a -3»_ l l^ 4_i_uj|jJI sd-a-C.^11 




C5J- 1 




alLfl ( J.LO LaJlJ I C-l A ill! jl ftjfl <-jL-0 jJI illj^ 1 ddi (_pic- 4_J JkJI jjUJJI (Jdkkij J^i (11) 

“ s a * 

6 jl^a.1 1 fl j ^ ^jJI jk hi VI ^^.lJLc JjI 8 < Aj .4* i at ~ I ^j_lJI <oLLcjJ! a i ■"> a I U] 

<tL ^j-^JI j ^Aj^JL A >*ilr>l^a ^ Ll Frangois Lecoq de Boisbaudran ^aJI « t a ^ ■* 

• A iiUjlaj LL j^iua 6 jkUo ^jli ^ O-^-J ‘COCk nlljjll ^ ■■■^1 ^A Q3 II US QdllUS ^li 




dl l > ^_a^ 4 x i A t Lla V Jj OaJJ JjJaJ I jJ^-iiJ! .10 - 5 J^ LwJ I 

0 # # f 

< ^j<oL«-o^}J! Pb j).co 1 1 Na K^ La^-oJ^ jj > L$-»l jl <Ij_l^. 4_a l^_>l_i ,.\ Vif.l 

< J \^*> ^U 1 i—fl^)-2wV I (Jl nsSi t u\ jJl_j .n^tCH Jjl la -A ^Lajl ^j-oj Sfl -.L> w M F© 

£_nisj) JLi^ .periods 4_>JLflVI ^^Ja-U/Vl J <QrOUpS 4_A_fl^-oJI 4 j 6 J- Af . VI ^-a-uiJ 

^]\ m Vj ‘(5 ^'j <Lxa.lJ-6 Ul) JjjoJl 

.^jLjl-oUJI ^1 3-aliJI (^jLo^Jlj ^jU-cJl ^1 ^a.LAil ^jLo^Jl oj-^ -*>-0 

^jjljuaJl ciU .v*L 4. ( j- Lj oLi-t^aL^. L$J j_i^Li^ jj-A^ ^metalloids ^jjL ^ aII 6 La ^J l -U.^h ^ 11 

£-5,>a- 11 1 < in j > —> .-V > JjO-aJI Ji-Ll ^^ k -.iJI />-±-> j_i^»Ll*Jl ^)Jj Id-A .(j jL*_js}Ulj 

.SdjJua* ■ -■* 4-vui I *" jj n ' » . lwl=k. Ijju^j 1 Ir^ilc. '7~ 11 > IjA Jj5Ll 


„ » * + * * f. t. » * e- 

2 ic^adm-A jj cilr»l a*> JljpLoj -Periods ^uiaVI ^la-cuV 1^ 

4 i.niljJI j_o^JI . JL*lA ^ LlA a^Lsla-a JI^jLq ^Ia^-u jJ <jl aj <3 ^ 

^Ull CjLi< jaJI -LaLajl Jio <S ^ djL^_»L_iij_» Lfl i k k - ' ^aJI J-^1 J» II 

Si ^ ^ ^ jj 

txiiVl JjjVI ^yi j^allaJI .^LDI ljJI Sjjj-ll jj-0 <t 1 % j-A 0 Cilj-t x j *>4^ 

s f s * # *■ 

ul ^jjLa-JI _j Li > «^aajJI ^LuxjJI 1 ml.ii» l^_i_i_j 


A. i ,. Q H J1 ^_j-oL_LJlJI ul .-CLo-il ^ non-metals j <jjlJI 

<■ i .11 In tl (jjl » n ^yjk t(Pt) j (Fe) j_ij^JI (JJLa jjjsjJI 








<o II J!Lo 4 \ » aJI VLaHjI Ji-aj L$_>^ transition motals 
JiLo ^ j * ^ ^ ilc. I q * J_s^l ^jjIaaJI jl mu (Ca) ^3-* < JKJIj (Na) 

<1^-^ ^ m fl " uL? « Jj ^ > N U J ■ * J (^5-® (Pb) (Sn) t , \ < ^ 0 I I 

S’ * ' * 

JLUjVI (jjLa-o (j a -tAfi-j (JjuL^JI Cur^-1 (l^_uo_Lc 28 

< ^-i-uLlu I Jj„L^JI J^JI Ja-J^)_ujJI lj_A JLkjl t_t 

Jl o~ \S 1 ^ 4 \* is~> 4~c.l t.U liLi^Jo J^yVjJl Jjl^j 1 A A 

C-U -^.1 O-jLSj <4 iM t a i*^ II I fl."tl \ ,i<-i[ A. I $ » ' ft 7 * Ixa. 4 ^ il ->ti~>,^ ^-LjwIlIJI 

i_.i4a j - jL» (jLfl '4 a li'. II . L^j-S j-*-a j I (j J nai (j^a > ^jJI j> «al*>» H 

I tf.l'.L .^-1 .-."l a<* ^pji JLis J lol'm II ■*!!" ,j-a n - (U) 


^-8 oLtt-t-xi.fN-11 qLc-j al a I* II J-aJuLixuj . ^.a'i_i ^ jjjJI J j, laJI JljLo 

(jla-ejjj-au jjjjl^lll J ^ <jjlaT j-uollc (jjl >^- >f - C5jj ‘-^15 

j u~i ~i* II jj-S 4JL>jJaJI fcjjb Cttli-i AS j < Jaj i_ijjJ(-a j_lC j i<~i*if. 51 jp jljjijj 

(Li^Ual 6j AH mfi <dLlj 1 <\ juu\ l-i* \ ^jJl^ 112 

•JljjJI ^3^31 { 4<l ”" (^1 <LliJl 

•4 s’ ° y ^ 

OjJ 1 ~ * 1 (j > < P >I > n II J » t—t > xu II 4-flj » a . 1 CilJ-1 ifi 

, 5 -i > j. 1 11 _ j aaLl*JI ■***! * ial t _yr> ~i. 1, i j) ^ S . |t g i jJ ^ j) (j ° « ^_A| ^ j j_iJI j) ' ->. 31 

i ' s# 

'I A j l U a i J 3 ciZjljjJI -.1 « .^—1 A. ^_s _ >j jLJ| j 1 1 jj ~t al v*\ ^j_i_a '4 « C «1 tj > a II I j "»l < ^a| A. 

oljjJI J-a L^ij.C, JeuljjJI k&'i j Jiic. Jjuo .-a 'll i a .*\ I I 1^31 t j^il ^>. ^ dt~j.ll j 

>*ll^ i j -s*\r Ijl Lo jjl Lla^-a-i t 4ji_i^juj Sjiajjj .^1 1 -5 J*C .^.11^ j_^jjk.VI 

La^ ji i i La m] j)j < (o-*j-iSJI) jj->_a V jl . • jjj_aJ X j < a ^ II ,~.l . A. II 

i ** J i i ^1 -v 4 Ia ^ M a i ^ . » — . ' < 1 4-ijLl 6J^JI ** > 1 t i 1 1 a ^j i -(6j )^.»l " ■ ! !) 

Jjill 4 -ias^L^j .jl jjVI ( 3 -° ^ L>^ 4-3>_a j)~i a I I cjLc.J>jJI ^jiajJlj <<j Ijg-w 

5j5 4jj < J io l *> , » I I Ciltxnl A I l >“)[ >Vt ml ^jSLa-aj t V via j i/>~iA o ^ jjill Jj . w I I 

jJI I Jj.AaJI (jl jj-a 4LL_jJa 4-jl m a I *■ « U a jjj -Xj » t*C 4 »*'~ 

• < > J ~‘ “. > £^>° (j-® (SJ 2 ^ 





oljjJl .CjljjJl jUajsf jj CtLi *^aLk <U jj J JaJo^-aJI I J-A .11 “5 J^luJI 

0 -9 j -f 

Q^. \ ‘(Sj-“ l J ^ LxjjJI ^yA 4_l_»^£ olj jJl .J-kjSjj *> A >.11 LjJjlJ) <Lj ^lj)Jl ^2)-° 


4 ' * \ *- 

(J^Lo j j 1 4 _xjLi^j_laJ! oLi-i^aL^JI * > v -v *1 1 LoLa I jLul>3 6 j J "k .l.i-t-^ ^-o j> fl a o L *< o LaJI 


.(t^lil &J jj ^ijl .LjIjjJI JJ£. Jli-a^ <Li5lj a/v. 11 <GU »^ * Lkj 



(jSLi jvJj <Cjl jjJl {jC. I *> ' ■ " i_i_)JLJ jjSj jjJ . 1 v i.i^a.1 ■ .8 1 1 1 1‘> n ^ o-^ tal 

Jja>. j^.tojJI I 'fl a Lot (JjAaJI 4 lie, (ji-* (_£ jJI ^^uLujSLI jj)-l^3-i (<j| >.*11 o > 

CjI « J * ■ 11 * ^(J-A Cji-C.L^-1^ i A (_£jjJ_ll TkJI ^jl GJL> lJSjJLJ j"k\s . LlljJ 

.7-5 JijiJI (^ij-o LoS <cjljjJJ iSUaJI 


■ a II <__>l^l_> ^j_C .JIj^JI Olj^joj 6j j < < o 1 *fc *>A I > 

_ „ ° 

^ j i~i > 1 It > <L^ -v jj-o ^jj » '» 'I j f. j-J-gJI Cilf-iLiO-ll l. iJa ,-fr. V 1 a J U* . JJ jj 

:<_$_jLctuLo Lfl-jljjJ <-i-j JJ l.fUV I ^ Vj JI <jl Lj-Sj-tj A 0 (j_0 llj 

1-fl >0 JJLlIo Cjl jj j». ._J-lJ I J J ^ .jjLaIIj < <3 I .->~ < C r. ^lillr-i Cjl j Cjlj j JjJ-ljJl j l.l^.ll 3 

(JjAaJI (J-L^st x^aJI &3-A ■ < 1 o'j's^ j fl vim S Lljlj-o Jj.-y j 

> J-it j~i « II ^jjJI JdjJI jL^.>.o ^j-Lc. 6 jj ^j-o (J. tTi 1 1 I oj *18 8 ilj^ ft j 

_J ^ / S* ^ y 

^^-jJl Cjlj IVI JiC. jljj-1 (j-oj .1 \ -. Ij ^jjJI J. jA.il J_> j_i 6j) li ~k (JjS (jLs 

cs j-ll ‘(j-ILlJI ^-LixJI (^jjJI (^jIj-oJI (^JLual J^j .LaJ|jj| 

'' ° s "* l * " . * * 

(J A 2l, j Vl (j.ii \i (_jjJlj (jjJjLj <A_toj (_jj-ll jLa tl >><VI jJjjs Cil > lUl o 

•of"* U“JJ^l 6^ (^jl-i-a (sS 




j <«~il *if CiljJ jjLi Ij^Aj j^.ka £_o 4 tltTi-all 6 AA 

(J-* (3&-o <fJjjjj£-aJlj j».jJJj-tedl La-Aj) 2j 1 

Lajjc. J js~i i pI ^jI s .s La > . a J«,iui u-*-^ dii 

yi cj -0 *>?JI lj-* Ofjj-oj J J9-J £-° py <U“jl <^i 

l _ r Lc-j -(jLlil 2 Sj-o^-N u-^ f^jlioJI ^gJ J^lj 1 5_H>jJI 

t , < 

C>i '» J J ~ ^ 1VI J I^al I » II ^j_A : j-oj Cj-j-u (j-o <X.J) <i Cl 4_oj t JjJ ^ II 

^ * 

CjLj IV I^-A IJ :5jjJJ 4 i < nl "wi 11 6 j-i£i 4 1 1 <j31jJI p CiL>_)lj_aJI pj-a JJ-S <iaj ,u 

Jlo) 13 Sj-o^JI j i/nl dlioj j <oLjj!j-oJI aj_a JJLtSi-j ^jl o <<* ^1 La jj.c J 

Ji-o^ 14 j aoLxC til ' a ij < oL> IV I 6j_A J-x-o 

LlK <icLaJl <18 5j-oJ>Jt ^ oL Jj-JI ^Loj ^l ^J| <Ij£-Aj (C 

i -< A II Jo_t^_dLuJl (jj^ l*i-A .noble gases a 1 \ \ \ II ol,jL*JI ^ o <il> <Li^jJLj 

^-ual *> a H ^j_o v, fl. 1 t/o <<uJLLLjVI (jjLjL-JI jJI <(Jj.L?k-ll ^-fl J ^^^-oJI 

d oL» Jj_dl 6J(j fl :<j Ij) a iT> n <jLfll j_JI <^kU <_xu-ojaJI d oL» jlj-JI \ i-fl ^**3 1 

-u. 1A .11 <6j Ml r. ^Jl ol: ^J-O Jblc P'l^l ^ic 5jjL5 ^ I ti-a.'V II 

^ S! 

j < ^1 ’> r 4_c^_a_a— qJI aJ-A t— a 4 ^ ^ux. 6^). in » II j </4 i ^ II ^jX 

j nt A S^U (j$\ ,^-fl .f CjL>jlwi-aJI ^-iJI dLLl £y 1.^.1 jJ I Jl Vi VI 

£ -1 * 

6 J— A <, 4 j 4i f, VI p-l iA r VI <-Jjj 4 11 ° ^ A <f oL» jlj-a 

oil 


^._l 6 i1j djjt liLI .jkj-ij (^1 jjl (J*^ Sj i i'C Ij j-a-> LjJ.u jjJ 
4-Ll£JI <-C.j) n -y oil JIlSjX. j3j j i^il . I I 4 i IM « II oLil^ill <uC. « ■ ■ .1 ~ II 
(jj-S-ll (jLS I ft J l r ■ a ■ » 1 ' A <1 U . . .1 Ji _ J . d *» . II ^J_a * J-C. La jJ-&-> - CjLs ^L*J J 

J £ 0 «4 ^ 

j--^- < Lcujj < 1 1 ' \j -v ~< <ajjjo <3^ •4~i i'a-~ i Cy° '— j-dic £-4jjLl!I 

J ^ (i T ' j<i > I Lj) Ljj^j j-u r\' u- u* v 1 . 1 • *•“ f-4- 4 

Ci -> l I«~i 1 I ft. ' ~i C JI 3 <‘| I I Ij-A J-Sj ^>^1 4 -s3LjC. SjLoJI 3-° 




* 

St^JI ,_ji <-aj-fi-a CjIjIII 

I J-C. < (_1>— ^^_aJI ^ya CjI l . ‘ i ^_s CiLjj^~^ lyl i_i-i~^j ( jj_!l 

JjAaJI ■ “ <LJjLa_o 1 bjj-is*, j-b II (jl Sj-iiLu> ^t_L^al^JI 

Cjlj j I ^jl — £j 1~ ^lt cLlj j .CiLi ,^>Li jJI ~v . ua 3 jLo 

(g\ JiLui (jjj ^_ya Jj&i V <jlj <<j^-o-o iflUo 1 frJliAi 

pLxa^JI « itiij . A.fl j 1 1 M_>L3 SjLJI pattern cjL^ - o 

.iljjJI cl '-o._i5lll t_ili lo ^_s j .SjUJI l jjs i_i I a II 





(1> <si>1 jblsi# *£l « ?tr & 


aloe. J [J- ^1* V JLa^JI Chrysippus < _^u j\i mjj !£ 


Sjj^aJI jJUJI Ijjk |k^_S (JjLiaJl j-4 JLo^aJl (jj (j^-a-aJI fj - al ( 

Argos <>> Polyclitus jJI iULill cf I u , J ail 

1 ■flJiX" <Lj_iuL_uj V I djLaJuxuaJJ j < *-> IjLaJI 1-1 e\ Q Q i_uj! *^3 420~450^ 

* S * 

p^uill Lo — JLa^JI 4j_x]j — Canon <ilJ^o 

» t ^ # g 

JJL!lII <symm6tria jJaLULlI (j-c ui^ .«jIjx.VI <j-o ^l 15L> < I i ^ tjjJj 

^ 4<i^k 11 ^)_o jp ^ 11^ 4 1 aJI pl^rkVI (Sj^ 3~* ^y-oLljjJI 

g j> 

Jjj-O JJLJ I-Aj . j\ ^ m j ft <j£ ^£. J Q ilM ^lll 6J^J 4-AAOiilJI 

VI II ■ ~> 1 a f.. H j _ j hi 1*1 11 <j ^Alj^Jl cjLo-HJI ^1 j^jlj ( <1 m a ,ha-1j ^Ji 
<6jLoJI l a *w> * * ^jJI 4 a iojLuj VI ^u^LlxJJ Laa^-a ^Jl 3 * ^ — viijl i i^L jJI ^ I » 1 

S 5 > 

.l*-o Sq-ai-a j-i^llaJI aiA J»^k~i (_ji!l ££^yill (jjl J- 1 C5^ ^-ollijJI (JJjjJJj 

- II ^Lllj jJI d I a a *> m| ^ill __ ^LUllI ^ « ^Jt a Jl /jl I * I * a Ijl 

<_» ^m*>~) ^jJI - j k»l >~ 1 1 jj) ««~>iftll ejLiJI j _ (1944-1872) ^Lijoj^o ^jjJ^JI 
< j-!ij.'i r <(JL*jaJI (jLi - Monet (1926-1840) <Li-j_j_o *y II ^.1 . ..j II .*.1 ->. ^ I 


■ u .. j~_.K_.l j. Ua^ (199-129) Galen of Pergamum li» (1) 





dJjj ij -i l il i a JI p j 4.1 1 ^-Lio Ijjfc jA a i ■ ^ 'll » II ^y& ■ i 1 a H Jjl *\ a (J a ,-iTi > 

„ „ „ „ * ‘ ' * 

4 ~w *j-a.VI A «"i » i - J) *j laL ' 1 1 < »" n la 1- a a ^Jl j tVi \ I aJ~>C pjL-o <iiij_a_> 

it Kj ,\g £. J ^ m II i^SVI ^^>-6 . j AfljLaJI ^j.\* 11 x^l'j 

tJ*S au It ^J_C JLa-aJI o P-LSJLi dJj^J II jjLo-aJ) A~ 1 ^jl 

LaSj .<AtA.i\ 11 jLa^ < ? ij 5 1 1 ‘U-uoL^Ji JLqjCLloI jxi <£^_L<aLijJI 

^ i aI aaJI j »ft*i ^ ui!l ^_a .**1 ^po_L*Ji j fl*i 11 ■ ^1^ jJLs iCxLfl^ 

&jl niVtlj jiaLllJI i^fll gxi^^l JLSJLjVI Ij-A q Lo J <A fll * ui-ij - <t t A l< W 

■ ^ aU a I j| <1 Q |>*>J » 

^jl iii a II lj_A uJj) 1 Ui ^J1 ^J- 0 nil Lo j.LLl f^AjLui 

Ij-A jLl Tv 1 1 |_$_» |^ *>jxv I ^j-J-ll <J_lW A 11 ^Jl ^JJJ J Jil^-oll 

-^J iLlill jjL cl 1 iT.y I <iUk. ^Jl £ j-JuLlo jLujloJI 


> S s ' V •& 

symmetry jislis a > 1 a c. a.j a.,,^\ _ Jj-L 1 131 l_>jJaLi_i a - u .i.. y t jj ^ j 

^ * * =* ** ’ * ** 

■ .** * > a ^ c. i ijl S^Lulj ^ >j \ \ jLj ^ 4 _IL^. ^J_c, L»^_AUa ^JLa^ — operation 

^-Lt p-ljoa.1 ."■■>a*« Ijl Lo JjjjJI £ <L" ..." jjJ /I A ^ -a" a" LoOlc. dloLs t A h -> I dL v'tA C. 

jvj fS.ia.lj Ajjlj .’L VlC. ( jA aC. 1 f 5-SjOk.J^o j-i£. A U i ai i S ‘V ^1 ^ "■•a II 

SSjSJI CjjjJ lj[ Lo tjjJU (Jjfc ‘tsS 1 'Lo^-atxsl 

* # 

V'^’ oJ^ ^ U-f 6^“f cr^* jLxiVI a[ 

,~ll.\l A.~l I it I . I jj *. 1 A -A ~ I '. . I f S J ^'1 » 1 ^ t'- 4_oJj ^jl J.A-.> <Slj-o_j 

* ^ ^ I? * 

LI a 1 1 . J ^ a j.i~ ^ ~ I I t pLS ill j_ ix. a ‘s j.a^I I <<_ljIj_JI JL*_sVl (j-o jj » J SaJL« a 

reflection JoKjJiVI .sT ^ JoL^jLil L4 . j ^1 (translation 

tA > A >-j.iij-oJI MOZart O_)ljj-o Ax. j f-) S. o <LoLaj A..a..^->l jJI Ajti-oVI ipajj .^.'5 i <nj-aJI 
:Lf 4 jlij ^J^llj P(jjp>a. AiJjjJI ^j (AioJ^i ^jjii i2 ,^1 





JjVI ^ISJI Pj^JI 

g <0 

_ IwLc^ 4. IoLa I 6j^JI_fl .La^-LC. 1 ^ *J U '*“ » At 4 j>.l 4,ti^wVl 

<0 0 0 

JLI ^LJI j_lc ^_s ^£Ls .I^JoLjj SjLc Lfl K l $ < ^1 <<i ^k VI ^... Lr 1 ^y& 5j^.Ij 

I $ al ,t,:^l t*r>‘\,/' i V tdxlxc. iiLi*aLai.l J^Li. Sj^JI L^j ^^aJI 

<LiJ>£!j_aj ^_aj ^yjjl jjLi-oJI (2)-o <j;l Jjja. ^'i's nj 8 .La^aJLij <j1 JJLj 

ZjyjuC^A <Jjlj (^1 <j' 6^f tjljjAJI <Ljlj oi (*“» ‘^-° L*Jd£. (_jj-llj 

S^Lo slj-o ^ * ^jl-uj jl < p^_iii Ij_a ^j'« » 1 .360 j 0 ^ v*i jJI 

6j^JI *■ i <n‘t 4*1 \*\ \ Vj < J IS-iil V I 4 ~i 1 A J_LC JJJLJ 4 ^ --VJ J <6^£JI 

*pij| (jt i j^.1 (Jjus <L*j .^j^i.1 *— i-u aj ^jLdualj Slj-JI t _^o5C*'>l ^jJI 

j^J-e (jJI fj 3" .*.»■ « Ja=»- (3^J SjUl ^y> Sjj J£ Jij jj-ooj (j-S 

pLj-' J if.! 4jLjjJaJI » '0 1 j .y'J')* I t utLa-JI ^Jl 4-fl l 1 1 1 a a j jj' t&^UI 

±& (j-^1 < *1 ~t*s a i .inversion ^ I < i XI • ~>j LiMJLil ^ n <n~i «t > I « » IL> s^ill 

.LoLaj 4_ilj_dl f y jJjj ojl^ La£ L^j^lijl (jj^a. jJjj 5_>5>JI (j V <dU3 pUi 

^ * IUJJ JLjuS^I A % i dl_A J (J- 6 ^) » l^inl 1 i J_fl| ui II ^ a II 

90 I-AjJ-5 <LjjI^J i_>,A^^vll ^ 4 Vs A i .4*ilj <~t 1 3fc Jjl I A. \ > a 

<6Lrk->VI 1 j-A jiX % \ ^ <4x.l mil eJjLic. aL^-jLj 1 80 4-^.^J 

^Ju5L * u . p “6 iLUlJl ‘LAjj^.j ^Ijjl ^y> (£\ j&jxls jai 


^Jaxj <c^Ui/vW <Kochel 609 Jj-cu ^ jx.^U5 aII j^j^LaJI (2) 

1 g _> a **l j*C .v. ^ H qLc j Jo ,S a H (j a i.«a < g i l 6 j_a Alfred j^aJI . a \ >j .^^->1 ~> A *> >1 

.(Anh.284dd) 




90°, 180° 


120°, 240° 



4--i j,-U L'JI.11 CiljlftM 11 _ 1 -6 J*Ail 

I I l)J j <JL». Ijjx jJaj iiiiiJLi .v.jiij, 

J^-a. °120 jl °90 LajJ- 3 I 'i f 

Ujji <jjljj jl Cy & 

j> j-u < Li-oji .j^jJjLSILo i nl^ ^)-q-s jj)-k ,J^-^. °240 

(j- 6 j^-S 4 <n^f J*if. 1 1 4_j| LijJfcUa aJI 

£jl t t l-a f. <_-a_a .(J *\ .m II 4 A— A > a It d>l > j> " ... ^ II 

i • ' * *C a 11 j-Lfc , a iVl 

.^£^_uj (Jjf JjLfl ^ JlC.^ Sj_lL*_oJ| <Jl1aJl1Ij 

aLaJiVI djj (jii's » < jl 4-C-l ..,! II i_^)Ui-C. (jl jjJ a l aj;L °120 La^xS <L jljj ii jjj] 
Ijj S 4-..u!\g. ^Vi^at .i_ n^all (jjJjLSiLo (jj-iul^>j SjLaJI <L*_ij'VI jjIajJI (ja (^1 Jja. 
i_i-a^.a II ^ I— a t 5 lj_o Lfl-kJ (jl ^ a i <jjl!iJI cA-Jj" ■ n .a.ll (j_o (j;1 

^J\ " -v .ajSj-o J '<• 4-io -tu.il JJ t_'»^v-a.ll f.Ll> Sjlx.1 i V< a \ 

- c-^-lu 1 *t I » 4 jxXC (jM I ■4-1 -dJj '—S‘J JL - > (jl (j jJ (jJi-a-) (jl (jjJ i_iAi-oJI d_p 

(jl <lla^ LaJ j_a _ identity operation ixiLa^JI Kl».II ^ a Ixa j 

J> ^ ✓ 0 -S 

SjLC LfK 6JJh ^JoLxi jiLjJI J-lC. jLlc.^1 (ji I4-1 .ajI 

(_jJI (_j-4^>-> 4 I <xa. (]gj. UL i 3 ._! a lli IjJ fdJj t— 4 ^ (jjj Lfj ^ Lk S J I 

(jl (jjJ (Lfj (jl (j£a 1 (j-tdl <4-ij Ul.‘i~i II pi 1 1 a »J1 JXC Jli-i-a. 

. 4Hxa j if < . a ,^XII <lLL 3 (jj*t~ 

(J-jk.xj Lljl dJj (J^ (jl Jj^-ll I 1 1 1 ! «_> «i5a j-^ u ' J j j 

t ‘Cl 4 J ~ . ..Ij ' l t lIx. a IJ U1 ~'~ !l ol tlajcjl (j n ia S J-tL-^ a II 4 i Lajt II 

^L^JLa. ^_Lc (JJaj _ 4_^a^_i 6jjj^k (j^ ■!> ,Xa..i»— a 4 •>■ a .--> < C _ d -J 1-1 *» II d ...->■ S/I 

s# 

, L \^J\ ^jl^JI |jj& j„W_t ja .l^J f- L yj‘u (JjlS ^.ar. JJLJ 1 j*> id ~1 a'l La A'ir. 

(JL-n a (j a |2| ^Luia.^1 (j$ S.J il ~k a 11 4 >l.a« II (JLk.al (j^-l • ^ t -l ol Li L*,l I 
j t f . 4 ■ j U.1 II » -v I ! JLuLLuuL LJ a 1 11 1 I j_a j 1 j l^il i~ 1 1 4 1 1 Al — 1 jJl 4 .j U * II 

!jJb ii j-A .«4_>j!aljj)> x » (_yjJI ^1 jL^'nVI (j jJ (J^ 4 jtiiLla 

jai theorems oLia^-laJI jj > -> U.~ <^xa ~ ••— . > i _^1J ■ a »jl » ~ II L^jl • . ~ t > ■ ^-i >j n 

„ TS 

(jAj» > 4 . ^al -t a II (^ I » A II 1 x 4 t'j LjjJaLlj ^(_j-dj (J^ (jl^ La-1 <£-ilaJI_ij .(jl^ aVI 



<j] <4 LI in i > j «-i « I j l-il \~i LaJjJsj ^o i > g-1 i^j^I 

1\\*\a * !ta <Llj j ^ jtHfij Lawilc. <j| La j. i JL*l 1 c-txlLuj^l j^3 

^ ^ ^ ^ ? ji 

tu-kJui-a Jl (j^> lj h i *i~ S ^£JI -V c-l j j t VI 6j_a ir^ *4? ' c C)iij Ijl Lo 

^ j* 

t_ j- lTijJa Ljjj.l j . 0 - Lfl I— o^^ . JjAJ 6j ^ *ti ^-Q IjJaLj-i fl 11^ 

-<i >._v ._\<‘_ d a in L$J ^IdLajJI 4 ^ *v lo f 1 A jkl t. i 4_^.jjJ L4i^ ^Lu^.^1 

^Jl 4 ^ *C \ I I <s. \ A ^ c~ < jiilAliJ 4_j_ool_j^Jl Kill ^ -a nu 

ijjJaJJI 6 j-A jl^Lj^ .group theory ^-o^JI <4 JLl$j 4 a ^aLjj ^Ajj uA*jIjlj 

6^-oj ^ o mo Lo 1 ^ \c Av I^ju 13$ ^AJI ^tnll vZjL)lLo£. J 4ttjft^k jj- 0 1 -o-n j I 

6jx.l_A_i 6 d * <* yi (j_o jLcj o.-^ o S^-oj)JI i— LltAj <Lo j^r.j .group 

5* J* ^ ^ ^ lj 

*j-A (j_o <1 il <l ^ .. ^r> t-c sl-t-AVI fcj-A (j-o £ jj ^1 jl -> ~l (j^ij <1 () ~i_i j 

!* " 

(jj J <*C a" 11 » <S_)_oj jJiLjjJI CjLi-La-C. (jjj£j 1 — t V -UJ (_£jj (jl LiiSLoJJ .4X. j) ^ -% a II 

o ^ ^ 

4j_$ljj . ..</n!I Jj^l (_ylfi' (j il»,4-i ^_jal (j^jl (_»^j*> 4LI .4ajlj i_Jl < Cq.II 

120 <_ijl j_i g^UJI . i. t C/JI jjjjj ^_>UI j t <n i jj) j^jr. 90 La^jJs 

120 La jj.5 <_ijl j_i i_ia£LoJI ojjj j i « ~ > ~i V 

tf « ( ' 

^_Lc ^jl>\ S\*i c jjlUI ^joj-lLoJlJI (jLfl IjJ ijjJa-flJI jjLi-JI (j-o 

^LlUl iZ>\ > 1 of. ^iA*y. ^ic. I J_A^j .6. V \ '-ki^ ^laLlH 4 iIaC. ^1-^ q1*\~ ^JI^jJI 

"1 ■ I Af ^oj (jlj IjA . 'Z^aj OJ& JL*^VI 6ui^-S j»j <i — 1»*\ A II (_j-lt (jJj^J 

4 .All ^lAlll Sj-oji .t-l. o .iiil ^Kj 3 4 a l~i ■% a L^J ^^jJI ^lol luJI 

. <3) SU(3)j SU(2) Jlo ^>i.l i>oj c»3j <(JjI Vw . i j .S0(3) ^ o . < ■ *! 

JjlAj ^-oJ^JI \ \ <^1oLjI 1JI ol.J oC. ^jjL^JIj 6^oJ)JI ^ o 

ljl*^l j Am jl internal opGration 4 _lL^.Ij a > I ac. &sa Jaj^JI Sj£,L5 « -^>1 ^ 11 ^ ^ ■ •■ « (^) 

^iJI) .internal law of composition 

•» * 

(j_jj|j) >ulA.I J < _ > Uf . (j J>J (li* >_j5Lall (j^. ^-4 a j-ojJI (j[ JUj (jl jjVI (#HS) 

«« «« “ 

- ^-»- a 11^ .4 tl^a \ a ^-4 S >ajJI Jjl » n Uo^^uJu ^^Ii.lj J >$> .to 

<1 $ j l j (jjl"! > II ■_■ .<■! \ « U jac jj-o 4-kli-JI CjI \ i«~il II * t iU^VI (2> * ■* ** 

4 o l*s jj-o Uj «Orthogonal» 4 <% l*\ ^j_o a_£j^ ^_a 0 LlJ^_s c.L\ fc t~> ...1 * 

J^-cuj <,J5yi <3 jjaJIj oj_A tjA « Special » L^l-r^ 1 U ^ ^laG Sj « Unitary » 

.jIjljVI V_i jiLJI 1 *iM jAq L jHll ^lalull cLLojC ^-j-».a-> < u| :4_a^jfi 



4 1 ?• J ^ ^ -—II jl J_C V ■ ' -Vl ‘» I i ^1 ~\ n 4 <Cil > .^L) jJI j-o l_al_A Ljja. 

SjcLi jl o^j ~' **> b wp’LijSiVI* L^iljIsL .... -3, -2,-1 ,0,1 ,2,3,... <LJLxuJlj 

* a o „ J ^ -* 

ljj£. jjJJC. ;1J5 a_ca. J ■--'I jlS LoJ (JjJaC. ^ajaJI 4a1aC. ^ IaijJI 

^ ^ / - O O 

jli W • SjAj jjS" j "?' " j *' A + * *J J jaJI 4 ,y~i I I j|j£.VI jU <LlA t| 
jfc {- 1 . 1 . 1 a 1 1 I ^ I aAA-llia ^aJI jlSj. VI jj ^la < jajJ! 4_ljJoj j-o oja. (_>LaalaJI ^-ifc 
'1 ... i. II ^ If ^yS jLS.il 4 < n tl 'i ft ^ I f L^-Laa-Iaa jS o j <4 li itA jl i .til Cilj hi *i*i 

jjj 4-aj jSJ (J-usasJI I j-& ^ ^jjjJaJI IdA idj jl V Lil .juS* ILj 

Ij-LuO JJ .144 .4. ■!■&*> Cxi jJI . 1 0 (J ■ — ^ a II ^-S 4iijjt_j ja jJI 4_ljJaj (J-Lc. j l .« "l l 

9 ^ i 

4 L . ... . s jS-D jjSa jl j*\ a l 4-il Lftji-S-a _ 4_1S ■ jllSJI 111 _ 4 j j~i 'i ( jJl 

. LujJj J j -L a I 4 J i_youI L^.iAoj-afc CjLsajJoj 


< j LM YV II ■ ~ ‘I liafi j-O j j 1 u* ^yJI 4 -a.Laa jA-j <4. { 11 aj J I n i * 1 ~| I I j aS j j II JjlaJ 

« ^ ) i/ 

jac- <S j-a. j o < ATi ^yjJI jjjJI j* <j jj»*» jj-i jo <daSj djjj ^^Ul 

4 ill . Aoii j^jJl 4 .'ii~«ll ^ o 1 1 1~ 1 j < point groups 4 iKivIl jajJI ^-n n » v ^JjVI jajJI 
<iLoi <u» ^ 1 6j<:U ^lal n II oliU (jt .space q roups 
La^ iti^ 1 4 _U_ 0 _l 1 1 cdj^ Ijjj I I (| * 1 

# ** ^ ^ J ** JJ 

^jl dlJj Jl 1 fc l <1 ,1 ft ^ jaj V jp «i» ■» 6^)^ ^x>^A 1 Lo J la£. 

~ ** #= •• ^ 

, jjjl j LM ‘i~i II C)1 .1 1 o C jS jl ■ j IciLa ~> 4 .1 J-a.C. jjjj-jJ ij » 4 I I ub <J-aX. -LS La Laa . n 

la^a^l I ^ . a j o (JiVI ,_j-Lc. 6diA.lj 4 In 4*1 djJJ S-ljilaJI jj di'A^I ^jaJi 

.4 Jot ) J^j L^jU ClaV) SjjiVa.il jiLtiLA.VI Cilj hi *i~ jlfi IjJ 

Jj V LaAj ,4-ul iAfl jaj l^jLi ,-u»V> aljA-tll jac Jaaj ^^aJI ^-iLcaJI jlj IjA 

If 

<aLaaI (jg\ iiLjjiUI ^i\ jVa-i 4jLi ^ jj-aiJI j iS 4~i II j J.a. 11 j^ LaJ 

i±iJ^a La 4 ajja 111 jtAAjLiij V LajJ ^1 jLaaJI j-LaSa jjal i fi a Ljjl jj-S jaSsaJI jl 
£■ jl-aA Jaa. j Jaj 4aL^aV La ^1 Ja o~ ^^aJI j- jlajJI ^ o ml .^jjajJI CjIaL^a 

.jjljjjjs^U 4 1 -a jj.o i II j tvl vv, II cjI i i«~iLa. j-^Jaa L^_j'/ .frieze petterns iajAjjl 



^.LjJI jjLJI ~i a i Lj-A j .&jIjlLoI ^j_Lc. lj~> 'Li i—ijLijJl 4_ij 

■~'M <*~ :<U S 4_ijj (Jjt-i Lijjjjj <LiJux. 

La jLi-i «6*l cs^ Jais 4 lali^ a 

4jsJ”LA-a_ll C)^ 1 *S .tJ'JI (2)- 0 SjaIj I 4 l 4_l *1 IQ) (j's aj < jJ-A-SlLxu^JI 

c C jI\jX. /.-.I a ^ iii SLaj _ 4 a t~ A. /. Jl< 1,-1 ? ' « tl-» II - j .(2-6 JXjJI) 

(jA » j ^ ■ *' " ■ ■• ■ LjjjJ ^ j j-aA II Jaj_2u (jjjJLaJi Jjl d^-i — Cal j 5i ' j^a. 

(Elgin Marbles (j a^.11 ^.Li.j (Ji-a < V <jjjjiyLj 4-$-. ' 

4 ... A A II . ~lM 6d^-J Ji -fc a f-l ,Aall ^_£ r * ' ' J," ^Jl 



r r p p 

| | | A 

li IP v 


Ijjlj jljj-o^U l_^_> ft til <JI I JaLojVI <^-11 II Jl^ «»VI &XA .2"6 <- J. l K.aJI 

<jl a i <Lq 1“ ^ oLfcL^I lj-A _j_AUaJI S^jljJl uV 4 4-Ij Llj_cJ I CjI AAA gajJI J& **Ji 

^uLcuVI (J-l a j (Jl^_ii»Vl jj-A 4 iii a ■%, ,11 JaLa-tVI AXA <(J^ ** 1 (£. »*i *n t 


• 4 « a <i *|a i i ft 


Lxxfl lj[j .jl^xJL* [\xx xS ^1 JjLaX.) d -% a I Jjt aXA 

(jSU < j ,^<j\\ |j_A 6jXL^a dil j)La-^-,> LaJjL^jV V) jj-tl-A < 

pJ_JI Lj J a < jJ Jt.t Lo-^j-fl <^«L* i JLU j (^«jJI a! >VI ii^JLx J 1 4 a II J>-o * 1,1 
^l-i l \ < <>*s t . \ Q Q t e. 1 Q I I d \*C a a It JpLoji^l jjx. j4ol_nJI \ La.L.^ <_j1 J j: o * 

x2 ^jjl iJ J^l Cj l A ^ <it^k II JaLo-tl JXxJ I — A 1 1 X A I Afl A _ 

tf» Jj 


JjUJI dlj d»jxjJI ^Jl <_uIjj_JI xj Li aJ I (_J-A AjLaJlJI ^3_fl j^xSj 



-^•4'° ul 4 ‘J fLuaJj 5 JiAf.l 6 l1c ^ic <LajUJI j^U iii II ^plc. ■ .lull 

LT^ ^ ^jljJ^JI jjj JoLajI j-mijIjj .^jlj^aJI Jjj JLiAj-luI j».Lo1 J^UI 


/ Ujk-V _ 4 ft 1 ~ 4. ^ <UiS uli^A.j I 4 J ^-iJl Jat-AA^fl ulLL nilj <^j->JjLJ 

f j^vVI J-S tjkjA > , ,™Lli Cil j-L»JI >_i i.*\ iLaj ^ d Q 1~ A. A Jjl jJLi _ 1 _jjj_ijI 

4 &jl i ■?. j^_ij j-ajJI 4_j_>Jij ^j| Jjj .^jljJLaJI Jjjj j) a *> t<-\ o j Cjj-ajJI (j-o 4 1 1 ~>l jJI 

** ^ £ £ 

.^jIjJaII JdLajV -La-i-fl j itif. 4 a t in !^_A <£.j^a 


^jj| LLSAJ 1 ' 4 1 a net 45 Li .liJLi ^ ‘n *1 .«L 3 j <jl ' *' * '"^ 

(3JJ L_0_i <3jjJI l 4. •■■ A j-i-j ajj is *1 ■ « oLfi^jk^ J ‘(^JjLL J-Sj-* 

<LlaIjlILqJI JaliiJI Jjl-fl lj*\ Aj Sj^j^a-aJI <■ xlflJl ^-A ^jljd^JI 


<LlsIjlLaJI Llilll ciL JdJ j < 1 - *- < A \ Lfl K ^ 

JjLfl <LjjLa.a.C. 1 ^-5 Jjj-fl-II lj_A LlJAjI Ijt^j . <U j) 1 Q o jl j)"k t S ^jLLs 

IjL^J j inf <jlj_uj^ oK 1 juJI J^j-o < JaLo-il 4 _a_i Jjl 4_a^ia_» 

^LaILA^U j-U-a (jJjaIL! <j!j .(3-6 6j^<-1aJ 1 <U tflll CjI^j-ujJI ^j-° 



^ S La^aJI I^ya .JJtjJI 4 * 1 ^ aaJI II CjK-L^JI JoLajVI 6 j-A .3-6 JSAJI 

a^uit: ^ j J < dll j XlC *V <GU ^kj ft ,< II -ULilJI ^ya tft jLJJ 






jij-iJI Cjls-lli i a uU*^ 3jj c K 1 ^ ^~ 1 ' 1 o' 

CiiL£ Ijl^ cj.a |C <1~> IJ f_yj^Lj ^y-Tl-rvJ fjtJa_ujVI Jj-lx. ,1 t-o^JLlI ._,! tl_Ajl~i-v~ 

p^-uj I jJh j ^ iti II ^_Lc dl3jj-S jLiH^kV iiU jj <u_lu_Lc 

<Li-\ ft II uJ ( jAjm i— > * p^_aL ^JLa^VI Jn.a-i.11^ <^6jLc (J-fl— >u 

^ miC . 4 * \ in ^j-° o In a t ^_Lc. ^. a a 3 . ^6 JjS X o ^j^SLi Sjj^ILaJI 

^1 qj 31 A ~^y I a-a— aJI <Lil ^>_ojJI ijjJaj Ci~» ^*1 JJ a II lj_Aj <1 Jn a \ 

. L> Jjj SjjiLaJI (joj CjLv ua-i^TijJ 

f-^3 -pLAiJI SLG ^1 jboVI c 1JJLUI LUil ^1 JVI Jim! 

>. a. 1 1 j ~ i£.\ <LfrK isLaj^fl ia-xti il tj-sJj <t-i-oj_iJI LtjLxjv <l1j_oV' 

' *> * p P s* ^ ^ 

a II 1— a 11 Jjl djj < _ M > I 0 Jjjii jJol ITl.) — jl I Jjj'l .o ^_S L«_o j \ Jill! i2)1 \ A*\ a 

Lj_& I ii'sai . (4-6 J^,.,i. 11^ L*-o ■ ~ ■ II !_i 1c. ( jxiS ^ _i I «*'»<• _ 4 Jjlj L*-c 

ojjjill »_iic. Lo 4 a 1"> •■> a oljJol j j ._> mi 1 \ jl *s oL> ^1 <L»jj 

Lo_ijj ^ £jl > •••~* II Ljjjjj Ijl I '» il I <jJaLjj jLajV Ljl-q j.. . ' < C~~ 

lt^I jo^ lj-a (jLs \ < .^>11 j >LiUI jl ^c| 4 k j)~ 

."■l t 1 a C ^j—a Jjl-J. j. Jjl .4-6 J ^ II 
.jLloVI ^^LXJI .LAUI ^ 
o^lj LiU i>MI j< Ij l 

4 -J l) J ^C-Q (_^JI ^J-O CjI H*S ftj 4 > ^ A 

lna ^u ;„ ii j_< a ii .l*_o 

oj-1c^ ^-Lvlrt 1 vu.o 4_i_i_=*.l j 

Lf^UJ JlXAl Ol^ 4-C > .g > ^ L« 

-illll <io>k!l aifj 1 6 “ ' .’ '^' <j^»e <e«^*J 
pHipH Ltljj .^ja 

PP^ ^ c-Lj-il I a ■ ■ ! i i LiLaJI 

(j J a mal l I Vi ' AjBj .^Jl a -. V I jjal II II 

tSj ^ "> 4^_i_fli > ~> rt l i a_J-*JI ,j\j ^ 

. ^-laJIA-o j^a l l ' -w~ a ^jLio jl ^£.1 


' '/'•**}'■ ■ Cp 

■ -■'«•• tf, 

m js 




i 4 Ij-A I i * ■ ' ■ ^ SjLa-iVI ^ <=■' .Anil ^_s JaLa-»Vl JJX. j_A La ‘tSj J 

<Ul5j ^-Lc JjjLau Jl-L® ^ * l~ a. a 4 Li .n1 4 a l~« ■*<■ * CjljJoLtJ ^y£. < il 4 \ II 

I *t jgl i m ^j_s aljjjjl transduction n II jj-ll n " tj-° Jliisyi 
_ (jjL*-aJI ^ l« l II ^ M ij j -jJI (JJJlsJI J"^Lsl <4_ijjJI ^jjJlj 4.>.iAij-aJ 

jL i~i.r>.l Jj't ’* * .* 4-sJ3-® <_j-a ‘1784 ^.Lc (1822-1743) R-J Hauy -■ m.j ■%, 
<Essai d'une theorie sur la structure des cristaux c/ I _»LJI <ui> ^ 3^1^11 

6 j-A jjJI __jj liSj .jJLual olj^a-j a_xiS_A Cilj^.l-i 11 4a^. jUJI 4 *i j (j II jjl 

oli ‘L ijjJu 4 jLt i^i j_Aj) O-J^l (j-a I 4-i.j Q J Sj^L Ut ml I a<Vif 4 jjjJI 
Sjj-LJI <1 HU t>J J * M~ | £-Lj (jJI i-I iA i n" I 4 UI (j\jj ‘ (j j II I ' l-> I I j\ <f. J | _l C l IK I I 
S ' 1 II 4 ^ » * *» II iJ_A 3-*-° (jgj l-n.la u>X& ji ml (jl jjLjJI (j-aj ,4_iJ_uayl 

S’ ^ ^ 

_ 4 l*C el .A a II SLa L*_a 4_La olj-^-J I *v u,ij£t Ijl IJ u.ja ^- 1 x 1 . -a (^-Lc. J) ' ^ 1 111 

‘ !* 

(jjii JUJ .Unit Cell 4_>J^.I^JI 4 tlA II |V_luI _ Ci l j J af . al^al {ji\ I h (jl (jjj 

jLxjVI .i_-> i Ifr-Lfl ijjS-i 4 I »L~ ,../. jl <( j^.jxi|I oLlla jLa - 4_Jt^a 4 _i_Vo.I_jJI Lj^liJI 
J!La) 4 *. .1 »~ « ‘Uijlijjl jLxj^I 1 0 ‘ 4 4 1 1 U~i mo jl <(j_lja^V I t jjJ,», tl l (j£. 1 .tl’l^.a 

i_i-^-i^) 4jjljio 4 1 il 4* a II 4j| jl <(tlij^jSJI i_iic. 

Lfl-jLfl <(4_1^ al niii II aj-a ^jJI 4jia.l ^jJI Li^LiJI ju i.'^~ dLi j£> ul 

L^JJI 6 j-A (_)-o 4 1 ..I . 11 I Jut 4 » i ... j ■ L 4 UI j. >-rv. ^_a SiLaL»~a 

.ijJUxljJI 

I (j ‘ a ^iJf Uf a*i II \ ;i j_a 4 L M /. i j L-k II JjjjJ i*il^ I jti ^jn n-s LaJJ^. La^^j 

9 0 ^ 9 0/ 

L’^LkU 4 i .. a*, a^ Mill J at- I .A -j 1 Vi^ a i 4jLi <4jjjjJI 4 >*» a II oLs_^jJI Jju> Lo i a 
.-.I ,(i .?■ ( <j^tjJ| jl^yi 4_i j) a mall t in 4 \ I ! gjljJI _pjl ^-a-ijjj ,4jJ^.I^JI 

mi i^LlI tj * a II j ^^aliLaJlj JLrJI ^Lattia ^ Jl 4 lhi'i .Bravais lattices 4 _lsI^j 

tjA 1 (j. ft 1 1.-! ^ya Jji (jb£ ^jJ! (1863-1811) Auguste Bravais 4_i_al_^j cmic.jl 
} *(5-6 mi II) I ^ j-a JaAS Sj Mif. ^Jjl 4-j| LiJi .1850 ^Lc Jj- ' -a 


; J-A 4 ft la n Uj3 ( j*a UljjJ d i.l-. I ^J| Li^LaJI jjj Uj 4_ii idj^ o I ft— i j^a 4aj ( U) 

http//www minweh.co.uk/bravais/bravais.html 







j uif j-j oLi5Li-.il ^_A qI^a^uJ jIxjVI jj UboJ I .5-6 itt JI 

jjju <Ua\ JSL (jL^oJI Cfi n J .jLsfcjVi pLAaJ! Aj \ i ip 

*» 0 

.Ljjjj 230 (j -0 __>^1 J Jjrk'i I It <1-11 (J-® <j^LI r^jl^laJ! 

tf ^ ^ ^ 

^ iL> tj)l£ / 4 ^ L" *t n 4 fl-i j-L~l ClK pi IQ fljl ^LoJ-l L*_0 4 j_lj. \*C A Lot oJ [ Cj U \ \ J 

oiu ^ <A» 1 iJ ^ I 1 jl I 1^-1 Q II £t_jl_fl-U2> 

# ^ ^ ^ ** * ** - •'*' 7 

* 

<JLjj^I ,~ J > 1 ~ J. .~» II a j_4 jj-0 ' -. lj *—a *■ -v ... *»" 1 » > a L^-jLj il*iijjJLo 4^1 _j-S jl 


(jl j„\-~ki 11 Jjjj (l)- 0 LljluI ml lx. jjj j inf. 4 J 1 in |Jj| II ' ~i i£l a t La l*i aj 

4 Q ll o LI a \ II Af\ \ iti SjjCt a 4 i \ a e_fljL^j ^ (jLj 

J ^-aJI JiAJI Jlo) j jLd^ La. ,.^ \ Q - ^ L \*C <4_LflljuLo (^u-ljl^lo ( 4 1 /\ 

(Jij i_jL5jJI jl J-iC- L^_j 4jL»^JaJI jl 4 i If. 4-oJjLo ^lc 

4j 1 <UJlLJI JsLojVI 6J^j <j j^ILoJI 4— LuljjJl jfl Lij 4 > i ti t> 4 L Q*i 

* < „ » ^ ** 

(jl (jil ftlA 4-o!» jLo j_a£. (daia» 4 oK jJ-u OS - La a 1 ^ o o Llxj^3 230 

6 j_A ^.o 44i j . L i iA.IL> 230 4_i| <229 ^l 228 <Gl . iSj_l . ' "W aj <~ 1 Q J JjJI 
^jxll jLxjVI Axj^IxII Cil ,a t a i«'i~> II «Sp0C6 QTOUpS 4 >M ,~. l » 




'_i 'c. (jl .230 Lajjx. Al <<*> t . II ajjt j*l jH p! i^-i 4 It iLaj 

if 

aLaJiLi cjLSj (jlxi£. j_^j) <^t^-<~i 4.4 ilJk." a llj 4ij^/>-aJI j-i£- Cx> - )J^JI 

(jSLl < ■ '~ j-~ II I 4 J plj! I xaAj Cu^-iSJI i_i.lf. Lsl *a.i-vlj 4 | M , A 0 ijr&j J-.IL 1 

Jt 

a j li'wi CiL A U-'i) Cilj ._iLi i ~i ' > r j_Lc Lfr_>_a ajjLaJL&JI i_>-L» II ^ j " -«■ ~ ^ " I I 

4ifil a^oj (JjlaHs <( .jLlJL 


^lc L$ Aajt 4jJLi (JLijjjJI ol i -a. . n.3^3-1 <jl^j ^-S <^ljill j-jLi Lojjx.j 

«* 

Ls_o CiljjJI 4 * laJaJI Jjjljia 4 yiua.'i.i 4j-o <j J.AJ ^$-8 

4 aI A aljl <L^JJLa_i 4.1^1 iS\ 4 11 j-a j-!l j jJoLxjJI ^ l ia > <La-Aj <CjI 

4-aj 4 ^! jiJI ^-jL* U-° g~ *>">■»"*> (jl I ~i '< a.i <VjLs .>-4 1 *1 i«-i~i llj 

■ l' ... II ^ ,C)I j£LL! a *» ^ 11 ^j.. < \K"i II /j_a 1 mi ~ i~ jj| £j*s n 1 IjjjiG <1-1 ixLxl a cjl_ij)~t.iiiA 

a j_A dAa.1 jJb <a uL=>jJ! jl liljjjl i^gASXja j n-i'if. ^0 a..U ~>-j SjjIaJ U xnaA-aJ I 

^J-II <l2j^jJoJ| 0^1 1 ia-> 4~l ^j_S > LI i—i ml *1 A II (jl^-aJI jJb IjLA . ^J) U 1 1 1 II 

l_AJJ£. jjjJl 4 I /1~ A II CjLujjjJI I^yc, (_)*% m"il L*_o CjllljJI J CiijjJI l^-J £.A-\ 11 

■ jjal'uJI 1^-1 ^au i i i230 

J> ^ ^ x* 

a j_A (2 j-° jJLlJa J ~) (4. i.Li<-i Lf-j^ CjljjJi Lj ^L? 

* i 

(j'SAA JJX (_^l j-Law 4“i III t Jal *^— a I (j l a (J^j ijjAlj (^)-a I (j lAl l 4aj_)J5 CjljjJI 

^ «• 

(j_o ajj ko^jj a_\ v.' -% 4 t i l-> J i^^n* ^j ^ ^ i - A I I (j-oj .^4 a j l t-i*i a I I 

4 a iU (J iK .7.~ /j\ a a II ^Vaj .(6.6 Jl^l) 4 A 1 I- 1 II , ^ aJj^^cJI "■! . Al a A. .VI 

a j^ai. j_aJI ol 1 A a ■< *1 a II jjljjJI ^.iAi < V I ^j-Ls : i~> 4j jJo ^j^Li 4 jJIj 

ol lAita'in II ^j-4 1 (j » i^'l <4 ulj II 4_i_i_^iaJI f^JjVI 4-8 liaJI ^-4 oljjJI 

CiLa lit, II Ljj-oj IjLs -uJjV I 4 4, ila.il ^J_8 a C)lj) > ft II a . j_aJI 

.ABCABC... 1 ABABAB... JjVI ^Li ,A,B,C ( ... iJij^VL 

(J-Lc. IjjU ' f ~ '—*■?■ J JjVI «—-! _! t ^lil (_y-S _).l a |JI Cl 1 « a ! Ijlj 

i.i "tf -* 

/j ixTi_i — ui~i^AJ' ^s-^3 .4.1 <ul,A-m 4_iA^tj 4_i I -k j-A j uiij-ui 1 — ujjj j 1 1 a*i 





-k ) L *-6 ( CjIj j L p-^) ^ ^ \ Uj ” 1 <v 1 *> > iLJtkjl . 6-6 J mil 

+ * 

Zj£ <(jtiliJI ^jLqjJI (jj-Ll!) (_$ j~>^ i- o -O^y' j^-S u>-=»-v 6-“ l f ^ .> 

^jU jJI I-i iii^jVl > <<i <•> II -A i Aii n II lj_4 -a 4u >j o ■** t -“« J 4 ui La-o 

CjJLflj I jjj . B i at n II Ijjfc ^ n iitjj <Lfl_JaJI CjI m-i 3 rkji.o ^Ja-uj^yS-aJI 

4 fl jJo. I i ^-ljLUI A fl \ loJ I C>1 * A 4 •k-’i-o (jj-aLiJI ^jLd^JI <jJLjJI A i \ io J I 

m0 i s " 

Ijlj | \£ ,J ^ * II *0 ^ ^ if. jjJ-lc, ‘ — LljLfl <ABA < ^1 > 

t-JJJ.jJ j^Jx. irf~i-~k \ LliU <A «LfljJaJ1 djI^Sb 6 ^-uiLl^ S J^^.^a-11 jj£. CjI ,.r->q Vt-all < j_4 Cil^j^-ll 0*9^ 

• Lr J.«^0 jialjj <] ^jJI ABC 

S* jj s« 

(j-O M_lls i_'» l^sl j 1 I rt~ II ft •— j-l_LAJ ^^lc. IjjUj <jj£» (jl >il » I f- 

** #* 

nVi (j.lTi 4 ijiaJl (jjjLi jjlJ IjJ . ^oLjjIjjuaJI (jjjJ JTjJlIo >— '*-^- lft 'l <L5 jLuj 

5 

Ljja. (J^i»~> (jjl-3L-a.il (_^Ajl.i j . <Lc. jjILo Jjl^JiLi j LgJ Jjlj^Li jjl a " j * Jjl j jJI 

mi" (_yjJl <(jjL*_aJI ^ It~t ' j . jLjJlj < <cJLijill ^j-4 < I .<|1 J-UJ <jJ^.lj 

- At. \-v llj ^UjJI j /d xAoll d > \ -vl j Li^Uk. 

jl^ A.1J d *C li^ d X t\K i a II oL-u=»UJI ^-S j-*jh d i 1 -n. j IaI ^j\ 

<slip planes 4_LflVj>jl ol-i cy^" cj^ 3 ^ 0 t— is a d * i ll 

j A>j < j C} cr^* oljoJI O-o cA-Jj Ti ,-iu_ a jj-iSij 



Cil jj-ll Cjla^La J I-I j LaJ_lfcj .4j8jJa-a 4_lj--u=> Jj-a <jl (] A !*> 

ry^jl J . m . 1 1 J < . t i 1 1 J (j -i-ijj (jj> <ti > LMiJl jl <6.6 j.'s < « II 

jj-4 4 IJ 1 a II . "il-» j" -^.. a II jl jj “'-‘-sVjjV! oLi jLu njl (j_a U.a o a Jj^.1 j 4jC. j a -y, a 

* j * 

<a3VjlVI oLjl^/'ll (j-o CjLc.j) n ~w a jjjLoj a Jl (J fL »5u l l < *1 l*L a j (jj- 3 - (J- 4 <(J ^ < ii ll 

(^bLa <<iljjJI) 4 -j_uj1j_ujJI 4. lu II Cilj (jjlju J I (jl jj-4 4-v t~ ill j -4 a I* A. n . ~ ,I_A L~^ ~ l * 
£c-lj U a i jULa < JjJjxJI j (jjjLi.:--jl ;. 4 i a II 4 i ’. . II ^jl j (jjLa_oJI (j^C* j ' ~v ^_S <4 4i.Ji 
4-fiilLL-o V>< ^ Lj j <L(| %r^ujj < \ Q -v jU-< ,r> j A q\\ ^ jl tJjjlall 4-LL5 j 

<(j->jJa.~ilt^ . T.. 1 1 (j.il *<ll 4 jLLs ^ If 4 >*l 'j 0 'I CjlclL^cJI J^ajjLjj I * jl 5J ^.m i 

. J-iJLaJI 4_i£.l jis-a ^ If gljjJI j (JilJI tl£.l*ixo iXa jjU (jxa. ^_S 

jljuil j*i.a tl Ljj i5» 4~ £_>_uj ( jLs <^^a.1 Cilili uj (J.S Lljtjj (j_i iii Lafij 

^ ^ <> * i> s 

<1 il ' *vl J-iJ a"t 1I I j_4 .I,) i L . a (jj^ ' La Uli-J <H i ~vl (J. <«.a g j.iti ^ la I 

JJc. (j£, (Jlj mil j_>a-> lljlr. .(jliajJJ 4 jljjVI jLuVI j^-S jJojj Lajlfc iiiAa -1 Ijjij 

CjI i / ALijJI Q-lujJ J-Sj jLslj! I 4J -'Ll -A a ( ^S l-AJ ijga.j (j^-aj JaLa^VI 

IjJ <jLjljI 4_*_jj1 (^fl « lai 8» 4 . c .l , A e S_)-aj 4783 4_aa (jl <LjL_uj_aJI 6JJfc 

jjj (_j-H ^1 "» -L*t L5 -HJt) jLa-jVI ( j oil a % gl —A i ^ Sjj^.^aJI CjLS j I -v a I I JjLs 

Lc jjj ■■■ (hypercubic 4 1 .» ^La^LlI 4_i (jjjiJ jL» 4_*_»J ^ j ^jlj^ 

(ja-i LJ Lw <hypermarkets L^-sl j-^ui ji lJ -£ 1 o »i j- ' ^ ^jljjl JaLuV t -1 ** 

.jLjuVI gl iAaII (ji (j » i»~ (_jjll cAS^I-! oil 


*4 *i 

i^luLUI ildL^lJI 6XA J-ajC. (SJ'3 < .ft jui^O olj-laLlaJI C.i mj I 

(jl (jji j-i-o V . j i j II SjL»j 111 a_>ij_i ^jJI JLa -v,ll jjtiVLl 4 jIjjJI (jJI 

f IjJ uoX-uoi ^UtLLoJI jiAJ Jr£\ IjX-Li-OJ {jA 1 M-uJjJ yjAt 


(. 1 J-LLlLjUJJ ( ^ixu ^ ^ ^ ^ II jJaLck-A II 6 j-A J^L^JLLiAJ l \ 1 

4 sljl (J^^ 3 4jJ jjt .a i aLaaII dlL t il a m ml dafclla!! mL 

s* 

• L^oi Jjj I *m > J LI Till a J(jjj| ^SJI jjx&a 4j! jl <Liul 4 j^5 J.; > Laa 




^ 2 

JJ-S Jjj JAA .jJaLllJJ 4 ' ■n < '1 ~l II j 4 1 0 i -^. ^Lll ajf.4 1 1 VLj-a l-Liljj jl-i-u J^Ll 
* ■» 
j I' i i j .1 ...1 ... j^jjl jl . j-ojJI j>U->~ ') V 4 ^ i"i ‘i iilkJI U.I a — 'il j( 3 

# 4 

translationally L-i 1 -m..'i 1 I jaALaV j^jJI jj£ jl (^jAl 5 jU*-jj - <z>'fc&z 
^LsjjVl JalAajl (jl I ■ a <1 L_ilj . 4.U.aA ~i a iiLlaJI j^A j (jl ^ i A'i ft -> _ invariant 

<fi y> 

i_iLlc. (j_s L-iLa. jl j >■*">« V ol iA a II (jl (_^1 — pi i A a II 4_uj^1 -m 1 4 ^j"*' j L-~i- II 

g-i .a a ll jji ^1 _ oi .a a ll isotropy ^ ~n 1 jl 1 4 ~>_ i-i-i ^jljJI ^UjjVI (jlj - ^^aJI 

^.ac jl .torques Jiill i^La ^yi rotationally invariant Lpljjj jjJC LoV 

•£ 

U.I o — ‘iV I j_ul jl (_j jj jvi- -,i I jj . I n a j Ul *i~ 1 4 o i ii j-o jJI j pLoiil oM'iCi J 

((1935-1 882) E. Noether jjjj uLj Ij-A 1*>L *■" 11 j-* 1 uu i aj-A 4 II » a II 

Cil ua jZ ( jLojJI l^-.ijLa- |»JIj«JI (_yi I j-i-ajj IjjjLj Cil j i o LjJI (_yi 4-aJLc. jjfTI 
4 j| LaI j — a (Noether s theorem jJj jZ 4 _j_Ajj_o ^ a m" 4 _a a j-a. 4 ~ ^Jl 

•9 ^ * $ 

„ -U l q-v 1 LojIj j.* <gLa < jiol V> La!i v-^. 

Aj-Aj .^uLIj tdJjj <L^J {^^-1 <4 fl 31 ^-ic 4 II Cjl^ial **” Jl j^Aj < Lo_» 

*> 

CljL^ Ijl L o-j-fl j-lV 4.1J1 j oUjI lO-aJI (jAjlj 4 l-i -».^L- o ^A 4.1* 9 d lio 4 iltil Lo (J£[ 
(y-A J-A LLa-oJI »> l~ ■ ■■ Ci ~ s -~ ji~i m^i j lol II jl (_y-l^ SjLiil vJI_lAj j lal *~ 1 1 4 a-J. v i 
j * 1- * j a jLuj j-i jl^ I jLi :CjI n i m -> 1 1 4 8 l~i ~k a Cil 1 1 1 jj CiLilUaJ J /i l I I ^jl ... > II 
Vli-o LlLt5 (5 (J-a^saJI (_y-Sj . jLjl no n j 11 1 ~ jiJI j-iAA (yjjiLLi jU (^JaL'i.~i 4 .ijuia.j 

jf^- l- fr N JJ=>j jf^jjAA 5jj (jA jjjj^JI iilia jl Ljjj jj^*. (lillj jajj 

■ 4 a i l nl l (Jilt'll CiliJI P CjLjI-LoJI j-o Ll Ja xIl .1 j^-J ‘S Ljl-l-o jjjj^JVI (JJLiIu 
U-° ul J d 1 1 1 I I (>° ul ^ ' jlLki P (^IjJ-aIIj <(3Jj£ S ^jlj-aJI jl 

jl L tl l -wi ^-JaljJI j-o (jufis (jA.1 P ( 5 jl-Ua (_yJI Jj )">'ijl P (Jjl-l-a jJJ-lj jS-o^JI 
<aU=JI jl dlljjl Cij^j J-5j .S ^jlj-o (_y.lt p ^Jjl-i-o J-Jjdj (jS-o-aJI j^i 

(_yjJlj <Sl>»J (^jL__> 4 ^ Ja^ (_yi jjjiiJJ j-« tslkJI (yAj - <LoKJ I 

4^.^j tl,u^ _ Coulomb potential energy ijjjJj^JI < '■ < l l <il_LJ 1 ...-. 

• 4-UaI Lo j_i in ali jSfl ^ '( Vn d -i j ((jolA 

jjjiAJVi n*_ iAj Li.L i_~- 4j| (_j I cLjj^ 4-ijl-il ~i~i 4 -l'ij Ij< II 4-a-oLAJI 4a LL I I 




jj 1 j; > II ■ i U a H j ^U.AJI ' U o II _ 2-l_j-lJI £yi SUoJLjtt <il xu a „k. 

I () II % (J-lij ‘ L l o I SLI I «QaUa (jLs - l~i I n^JI (jt£-o (gS JJ-S jl (g-lj)~ mV I Joji. 
JjljJI ^\C- < Us~i ma 1 (j ik 1 (Si ^jjJI ^C. iil i ii nil j '« ' ' j U> a" <iaKJI £slUS /jjJ 

<j1 (1;j_)£JI jJSLklll Ij-A I j .<jl mall liLLj J ' j ~~ V La.'ifc SljjJI (tjjlj-ll 

cjUjjj SjILI symmetry transformations L^LllII ,-.M w^-.ll 

I -i Si -A^ .S^SJ <-ijl-il tt.1l dil > La x II LoLa S 4 i -iti ' IjjS j ‘JJ “*• -s (^1 j 

j 1 1 .a C. p-I_^.Lj j-^kVI jJ-a-o Lg-Lo (J 1 1 ij^LjJI P djLjlj-JI a -a. II 

«Lj| jS^> (Jl j La-S uiUj £_e j .Sui-^.1 J Lg-jLSLla JjLj <S^)*C I I j— IjIaLi ~i 

.p (£j\x* J J -> ■ *_> I S ($j Ida jJjdi Ijj^oj 

t. . ^ * - 

<aj _j£JI <ial£JI <SUaJl J Li I J) n. j <LajLl~l~.ji.iil <5 1 La. J^J J^l 1 mil lift 

<(Ljj|_)j J) i in La^ i_i m~> 4 jlj-il <j^Ij V (LuljjJ ij hit* L$J <jl ^ylsuaj i<L*jlj 
( j-i (jljjJ di-j-i ^ ^-il (_jJLsiJI jJoLllJI lid ^-'ut ij .jL*-j| <L*_»jI I -nk il 
Ijlj .jL«-jVI P (£jlj-a (_jJ| jL*_jVI ^j!|Ij S Ljjlda Jj-3-j JLjljI <L*-Jjl 

U^\ L^j i<n» i CiLljId-aJI (j-a ^ < l~ ^ a.11 £"Jj-WI ^jl I i-il5Lol-i (jl^^ i.*Ll.*i5> j^a^l 

.(LiUaJI t_) itSL' LgJ Vy r.a e 

«. JS J* 

jjX-LijJI al ,d a II ^ .< a~i II £j*ifl i-l i -a i_illol jj! ( _ J J i3^f Ajl dj-ll Lai 

IjJ ((9 J i^a-Lll ^Jl ^jJI ‘(J-2^l Lf-^) ^I ^^ J jj L-^ . t j Ij-A oU-,^1 

■rf # j * ^ * * 

6^ £1 ,MI ^ (j! <LLxJ-uJ-i L$ i u«ti t ^j-o Vu La (J n ~ 1 1 « < i 

** i s s' 

V jlj-lVI ^X.Ll_) LaJLc s_)ill J (jLxa'i/l (^jMjJI LLaJlc ^J )~ . mal l jJa-aj .jUjuua 
J j ^ i ' ■ Yj jJJL, S j<JI J^a frJUAH ‘ a ,^s*ill LjJil J <t l-ij ma ^ j ■ ■■ <Q-a 

^JLa-uJI i xta a II J^a ^ >a* ... a Jo -L *> mj L i.t^.a -1 » i Sl ^jjjULi II L^-Li^jj 

(Jj-a d L. \ a*, a II SjiL) Ua ,,, a II |j_4 .^gj)~>.i n all ^ If Sj^JI In in j-xC. dlnd ml ,j 

jj i 1 a II °90 l-Aj-lS ii^jljj Sj^JI (jVl Jjj .(6-7 (JfLiji 11^ 6 Jjlj 

lat.K l \4-i(n‘i ^J1 hiaII ^ Kill . i-iil-%-11 I-|9 mall ^j\ .~.H J^a ^jljJI ^ infill 

((j-a-iVI) lixllaJI jt-xii d II (^ 1 x 0 5j«;.H j-a.1 *'-‘^■^-1 i^ILLA j .^yrxx i| j^.VI J J^j_uil 


_J.c. ju i a a i l (jj^j .°90 La jdi dli jj X a c |L I . 4_il mi a ln8 ma dJj - ujl J^a 




. Jjlj j^JI L$ p CjIjjI»1aJIj S Ciljjlj-aJI J U > ^ » *7“6 j £ iJ > H 

6_^ iajLai-A £> j_A Jj] li-Lxfl Ijjj . 0*^ -1! ^jLaj ^LiAi jrjLaaj CjUjIxqJ! (Jj-oj 

J jLu Sj^Jl jjjJlj <jt, j 1 Vi^aj jjjic. fJjjJxj (_J J c-L^aJ jlajVI c-Li-oJ 

.JAIj <j1 (j-o iaAjJ I Ij^j ^ ft «« |J J-Aj <AJj1 Ui^J *L^'^ x f 


^ISJI Jj >lnfl hi ft II Ja-»j Jj-o <j| LoLoj J j) Q A- a I I (j-° i.Iaj <4 U hm t all 

<j-=^J .<5liaJI (joiAj <(p (J-AJjlj-oJI)) JjjfLj uW Chi 1*11 ‘uUj^ dJljJlj 
J^ »» I I <s ^ JjVl (jsjIjuJI (^-11 1 * 4 t ^ ^ j i ^ a. II ■' j 

IjA .p ^jjutjI'XoJI <5Uo «S (JjIjaI)) (jl (_£_>j (jl ^ - > i n~i m i V IjJ .(_£_)jl.lll 

t _ f j£. ^ jUllI (S^y il :<K iM<\ll aii ^jLxj V jj j JI ^jllll ftl .^i a II ^ t-JSl^oJI 
aj_A ^ « *1^ « a *^j d 1^ . uu CLjLjI^^.Aj 4jo_u_^-o la °l uiA 4-la ■ g * * a II l * ■ 

V CjLijIio O Lilia al j L jua II jjl j i a j j CjLijI J-o ( jie *1 n^ l. ^rtl l 

■ £j|j Jjlj j~~ ■ ■ ■ a ^Jal Yi J ^a.^1 4 i~‘i CjjfclJa La. 1^.1 Jajijj 


(jj_>I^Jl iiUa jjl Lie 1-AjLJi ^jp-ui <Jjjj la. C5>^1 5^i <llLj»j 

f-LaJLaJI .p ^_S (jjj-I^JI lilia (_yi $ *1 la > < A JL> jl ■ .. ‘ V S 

^j_Lj 4 ft, ijl iA < .i-i.il ili ULo CjMc-LLi ^Jb dJj ^ 4 <4 II £j| jlj 

«* 

jLlu£J ^Jx. Jli-o I jjb .^LJ-fl oLSUaJI ijjlj-aJI 

j ^ ^jJI ^Jx. <G fr u ^ «aTi3 iilax ijjbj ^symmetry breaking ^JiLiiJI 

CjVL^JI cjLSLIo J-a-a-j <Lfl_uL-ua cj^LcLili oM j j~>l \ 1 <_5^Lc 

j>\ jlu& tl ^J) ^hbill •* j f^yC. t j a A * * i a 1" >■ > <1 o 1” A. ^ II 

^ * * 

<-SUaJI jjLs t< -tol rv.ll 4 >.> jk'i It qjji JaL~> A. j„>l 4_>j. la > I Lis^j <j| j^.Xj i j-& ' j til li II 
oLilia t jA (j^. _>->-*-i IjJ <(9 J-i^aaJI <E = me 2 ) ^jlii jl * *i o ** l~^ H j 

fi 

a jLajujj . <lLh^JI Li iL>~ l j a j '~ > .j-f P oLijIj-ttilj s cjLjIjjJI ^-s ciLjj^*t‘s IV 1 




LiliaJI U& (jjLijJtj jl ..X*il j -o 4 IvCJI oIuiLjJI t AM <(_£j.-i. 

^ -- g tP 

jLu^l p^_luLjJI dslll (jLi u~°s3 «■ -fl ill^JI 

37 J? 

^ j-ll j-»l i~ II ’ J_jfe jLi <dljj £_aj f^lj-C 1x10 jjl a. " 1 Vj I _i_-. ‘ a 1 a U j Ul *.~ (I 

■ 4 4 ii_~k II ^4 Lat_A 4 La‘» JJ L~, , , . < 1 . K <JLcus| j*s a - 

>UUI olj L^jUl LlaKil LiUJJ jkili cxi^UI JL^J! liu jl 

J_a-J_l La.ll ^ \ j j.l <ajJ-.,-'~ j*s a > 4 i-nlX I I LiliaJI j-o Ja-aj £^jjl jj’l" m ^yjJlj 

Sjj LiliaJI ci_> jI.im o jLi <5 li_>lj La^j .SjiJl jli 11 

1 1 n 4 1 1 La Ijl . cJjiil Lilia cJ-)ji-ujtaJ Jji i ujiu ^-A jijt jjJjJSi 

<<_£ j j-i <5 ill) oLijji^JVI j-u jiliiil ja LLiiLJI LiliaJI cJj > j" 1 1 

^j-4 CjLijjiSLWI Lilia ja Mali (Jil Lilia L$J S Cjljjlj-a jj-i CjljjjJ^JI ^1 <^l!ia 
(_£jjx 1 4JLijia 4_aj jl Jjj .1 iM 4 l~i t itilj (jJjjjJI (JjJaaJI 4 ii > jLi <^P CjLij! J-aJI 
.(^jjjil JjiaJI Lxa.Al ^ 4 -ii < jlal Yi 11 (jJc. 4aja-aj <1 J-iiaj jj£| 

La LiVj-i j i<ol ' a 11 VXta. Cilji jj-la jx. j. u . 1 » ~J I I ~' *i^ n ' <Jjl ujj i'i } J 
~ * * ~ " * * ~ 

* * * 

■ "• ~‘l L LaJj j ' a. jj. i » Q II a ji CiLjlj-a-i LaLaJi 4 . > Ai II 4_>jjJI CiUjlj-aJI 4 1 4 ,T,~ 
(JJJ J (_$-![ C? J J^ LajlLtJ! dJj JjU <<jjLoila <iJa oljjij-aJI CjliUa 

SS> 

4-i iia-i CjLijI JL aJI J d CjL-IjI J_aJJ LaO-ll jj S CjLijI J- aJI j p olajl J a 11 ^jV <i— Li jia 
J^a.^ji I v > m 4_aj jJ-u V jjjlc j 4_ia_j ,.' i 4~i ^Aii IjJ fLiliaJI (__>iiij La 

_^aj ^yi J l*S 4~l 11 (jl ‘ i‘l*' < s a ' j *Ut1 1 Lc. jjILa 4 iM.J <~>1 I iti 

LaJ (j^i .(_jj^VI Ulj^| L util aj 5j xu jj-t I () A ■ aj J ^4 I n't^)JI S J a f. ?' i j 
Lilia 11 JJ. i II j Iril Ii II ^ -a. ,C>j ,*_a I AJa.1 (Jx.liia CiLjj IV I CjjIS 

(ja jjiJI (_)■■»'< dii-aj V $UaJ»_a 4_iaiaJ p C>Ljjlj-aJlj S CiLijIxaJI (jLi <4jjjJ^jSJI 

Ja~l I JjwiaJI (jLi i (Jj) JOA 1L» Ijjk jialjjJI jLui^jV q a - 1 1 i~l (jl Laj .LiUaJI 

(j-A J j. LaJI La jj ■■<-! i ^.'Jl al iat^ II jLi IjJ .(8~Q ni 11 ^ 4iljjLJ jl*4 <» 

4ij 1 1 (_j jJI Ltj ji jUI Lu j a*\ II Lilln 1 1 jLjjVI j-C-LjJI jial ‘>~ 1 1 a jj i<~» 4 a >a->. II _ 

* 

jLi <aj-A jia ill 4 ^-'a.J j-oj -Sjj (J^ (_yJ SJ^j^jjJI oLjjji^jyi j^j .~.M c.l a~ II 
(_£jJI (J-aliJI jiali" 1 1 lijljii 1 0 i faj III^J jJaLiil! Sjj-L^a ^Jb <(J-aoVI ^j-S <»lu^]l 





J5Ls ILLclaI *(30^^ *La ^> 1 (SJ3 i<7> ~ t J^* .8-6 mil 

4j 1 * ^ jjjJi JjJoJI jJJb, a i V AjAaX j (5l jj-Ll iflLLJI <LJLaJI <jj <G_ al^JI tilUJ ^ j H 

. <uJI jl '■■ * 4_rw cuA^-aJI ^ a ll—> i a a I. X&J) f a ■> 1 in 

j-ojJI (jLfl (joj oIjiLljJI Jjl t iii-fc II LouUX. ^lalUJI jLuj&L Q-Q-tiij Lojlc-J 

J^AaJJ <Lfl ^JLJI 4 ii ill j nun 


{jc. JjJL&JI ■ )_*_i i_a n-LA-p <5 j j -a- ^ JI I ^ ~1 j .<->•! Ai > 4_ijLiAjSJI j <^)l i « II 

, * 

<j£. J-lIsJI JjISJI " -■ i_s jju j / j~~ ... a II j Ul \~ II ^c. I \ i iti s j_u 'i j ij Ul ~.~ II 

j ^ 

g M ~ *i I jjfc J Sj*\ a i ._i ~k f.l jjj i_J-*l J • j Ul ~i~i II j l . .X . 

£y-> Cj^Lt Lilli I_n 111,'^ j ■ ■ K ~I A II «Llj^JjSLII <Jl> j) ft^».)l iiLLJI jJoljj 


(JL^J <^1 5 LxjIj .<J ji Lq-o Jjj-aJI 4 -oa 

!* ^ 
0.A.HU V <pl \Vl iilVI ^_fl ^Jl Ijl Vt Jill ^jlXaJI 

^ ^00 

^-*_i J^-*^ IjLj iSj^ lj-s JjA.jJL 6 -° 

< ijlAc. (jljjJ aLalLi Lajkia.^ JTjlj-i ^1 '— 1 ^ J Lo„fl jn * jSj Lljl J-o 

(J hi jg I I ^_fl Lu^ljI J I W 1 fi Ijj-oJI I»1a .^ftLaJiVI Ij-A <ic.l_LaJI 

Lj-jI <Jo-^.^Loj ^ L 4 J oljUl <j 1 < ft j i Jj, l^II ^Li IjJ 

^ * * ~ ^ 

J-Ulr t II 0 c^jVI iSS' J “ .jk\-W 11 ^_fl J-usILLo Ij-A <Llj Ja^aj L a-o 

»4 fl £& 1 ^1 1 f^A ^>auJ 1^X0 <L±1^ j^yljLi (^jjl 

^ II (jjt cjIj! mn l* 1 i ^ iaj />*C 11 d i j U ; 1 1 li^ j < >_ lI>~ _. i. \ y LaJ^ 



. (E Vl & «> LSXUI £4 J V ^JLdl ^ (j^JI g\ &i 

9 if s * ' ^ 

J-a~“ <J^ (j' 1^1 <jt lj-4 > _> - > a *> H f ^ Lf^^J 

• j jj » ~i (jjJ a j jJI oljj^il -k (_jJLu (jl Jj Mi (j* >*■*! 


j l o i » £-3 jjj i^Liis Lo jX) ft«~> ^lia.1 <<lU. j^aJI aii 

litL^cjl La lj|j ‘7 (J-uaill l jJt LkLjjj! (_jjJI ** ■ A . o" . .. ^11 <t xujt *i rJJ jj *" * ■ " jl 

o £ 

.J i^-it'l dl j [_ya JjVI ■ a i&llJ did jJs ssu I4JI jjls «Ljjt UjjjVhi ^yjJI LAfiLJI 

j-i ^jlxdl . 5 jj (_j.fi (jj_>idJ! £j>fij JLaleJ (j£. llj_io_a (£jl*udl (jl UjIj JjLI 

. -1 * 
j) \ <JjLlj 5 (_jjk tj " II <wavef unction 4 jla.j^JI LIIjJI (j-a 4 _^Li. <JL». 

• Caljj (_j-fi yLjjJ- 'l ^ I I Jj_=a— o V <4 C | J \ 1 1 (j_o £_jd (j_a (» - _» ' " ? ■ (^V 

jrLjevj (^ill (yjlill -lj-cl iuaxfi (jVI (j-o j»xVI yf 1U. a II |j_a J^ajLLuiljjj 

alllla (^jJI _ <J&Ij (jl |\J m-a (jlfi Jjl*-ll JldLaJ Jl <jJb <Gi^C (_jJ 

1*1 l~ 4 1 \j .a.l l LlljJl ?a tl * _j j-a-~ (_J L « t _ (J > ' L " <_sL*i< I (jVl (_yTt -V 

/oi 

' (1 3 ‘ . ' ‘ “ J * * ' -v J -■■ II 3JIa 11 (jl j-A j * . . . a~ 11 1x4 CjLI lAlfil ■' i (jl . Lla fi \ II 

(jnfi’i I ^ d 1 X ' J * 1 (ji/J 4 jjL j-fiJI <JlaAVI (_>u-fi-J ^4 Hi^lj-a.ll ajLij? L 4fij) 1 junll LIIaJI 

j * X ■ jJ <1 * a II LlljJI (jl l Lj^j) ~ t.ft.-ft VI n~ ->l d jJLl Ijj4j JsjLiVI 

lj .4 .dJj 1^-^ V j (jJ iLLuujj (j~>.*Lfi ijjjjj^nill (jjj <1 jL a II L'.'\c. LdjjLiiJ 

g^L» < 7 iVI .~.M 1 a~ (j A » 1 j. 111 4 -j yli <jl (jJjLi efi-® 

ajjJJ d 1 **■ j « 'I iiljJI ' (| * a j * * * (_j-l II l-i fi fl LI La. II dL (_jJ .CjIjUI (j£- jjLuaJI 
< 1 -a._^aJI DIjJI (j| Alxlc. (Jj^jj .1 ^'d t» fij^a (jL.jj~'<: l[ (Jjl „l~ij l.a.j L^— ijLli| 

f’LddjI— il jii*i I 4 I 1 ^ 1 ^ antisymmetric jl >A « ^JaLij olj (jj^j (jl oaj 

(jr-i~i ' (_^jJI <(=■! ‘i*i~ 11, VI (j^ IJa^a ^LlLuuj .(jjjjjj^JVI (jjj JjLalJI <A->l*a 

■—a I l-i ~' n II IjuA (j^ (jljl'i- 0 (s\ (Jj- , t i (jjjjjj^J| (j^ jj^V (j **i «j V 4 j| (_jlc. 


(j^J . J. Wheeler ^>1 aj a ** * * <R. Feynmen ^1 ili j^I *i" ^jijl (5) 

•fi ^ 

JLaJ j < IM.nafl a > $ M i l l <j1 _ <jLc. jJlj jjoj 

¥ ^ 

j>\ ni^ Lfl > 1 f ■ ^_5_i 4 a *Jo ‘La., a 11 .C.U J^.~< IV1 (Ipo Cil ft >Jri 6 JX 4 _j1 4-jK > Laj 11 » Jl 

.Ljjl as\j £\ LoJlc jj V lj-*j I 

. oVUl^Vlj 4 t-vjf aII _> > mi'i 7 J.^aall 4 i^ifll \ a <aj (6) 




.> ISJI (j-» l m i ‘» Lla.a-awj dfr-a-a-sw j <juj (jLa IjJ <^^SVl 


■ » <jVI dJic (jt j <jLAj^xill jsJ-*u jjj *La. jJ jjVI (jjjJbLa. 

bJi ^JlJI jJaLjaJl <_xj-oLL_s ^‘ut <<jVl <Ci£- Lu« isS% p^-uj ,J^ .dlijJ 
LVaI *"* \l 4.i«vj" LlJx. ( 4 K 5 *> II & j. A jAx. ^ <p- 1 tA flJl ^j-o ^ aaj ij! SUJI .p- 1 iAfl.ll 
^ * ^JLlI ,J l Af. yLi 1 • ~~ ol^laL^ <ol a x ni'y 11 internal 4 _lL^.IjJI ol^lal \\ IJ 

^_fl 4— >.7 jI j-£ JJLo c*\ uA II £yja S-U-O-L i Cl JuLo jfc J III •% jl fc L^— j (jt 
~ «* 

- 1 * I Q j) La^jjJjj 1 d ‘ “^ r A c c-l . A a II j tf ^jialLuu V i oLiiil^flJJ 

&j uX i o Cjl^ioLlj < pl^Ul^ < Li_j3j L^_il a n a m — CjI^j lol \ 1 11 6J-A j 

:5 J_^aJI . Lo-aLlLLS i~i I II iljjJI \~i i 'i in ,l_Ajj) ■»*-»" _ 

.nuclGon (j^.i.15^ .'i.ll j-A iilj.Ti .A ^ j^-Lul t - n . ^ . J t dijj--^ j ) _' 1 J lj 

jj^JI) Jjl~^ ,il ,ti~ a ^L~t 1~^ La^-lj j ll iti~i n ~j ' ^ > ■ ■■ ■>■ H JjjjjS (jl 4_> 4 i~i m « H 
I (j in .III 4 i j«aLa»JI l $ in J 1 1 4 i ^^-Lc .1 iiUo <U (jl (£ 1 < Mile lJ-Aj| 

(j^-1 <(jj-a-uLA jji jji ' ^ (j \ \i ^jLu-VI .spin Lajjjj 

^ yt 

{j£\ ^Lol jl H (jL£ <4 l^Jl ^_a Ij_a l!5> IiU-aI I - 1 "v ^ ^luJ 

^lc. jin! i~i II oLaixoaJI pLoJx. j^aj j .1 > 1 1 <il 

if j if 

t IJ <l^jLulo d jl i i>- si a. ^V) isospin <<□ 4 . > .^>1 •>. 

<l^L^ < \ ^ *if <-ci in 11 *_j^LLc 1 io-jJI 

Jjliii ic.LJl uj^Lic Lot • (< on» 

$ ^ 

1 o A J-aJi < 1 Q ^ JL 2 ±\ j p^-uj LquA ^jLa-LdUi^JI «0» 4 ^ ^ K 11 4_\ ^ 11 

<<£.LuJI ujjlix: u'jj j aU^jLj J~*J (aPj>^l) 

<i*LJi l_Jjl-i-C. (jl JjJ &La_J a .i< » J jJj jj I 1 ‘i 1 ‘* ") 

* 

.^jaklll <Ujj SI Ijt&c- J-4 <la£. LaIc Lo J^i ‘(jjjJJfj CxPJJt 


4 a i Jj ^ ~ iL^—jl i^jJl 


(Jj^I < t ^yuJ5L‘v It ol i <ol A I j.,a 




jajj-l3-llj icLuJ! < ijLar. (jljj-1 aLa-il-J (g_)_uajj| j-iuJI Jjj jl->l *i~ 11 jl Jjj - (£ j ' la a N 

4JL-ojI^J jl 1 1 4 j - < <*^ < a j_A j ,jlal£ (_jm 1 1 4-C.LuJI <— ijljflc (jl jj-i 6 1 i Ja-iJI 

Jx.Lsl> <SUa (jl -4-» ...u-iUl *<_» II J j 4 ~». II £_a Jj < K*< II (Jc.la"i£ <(g j^.VI .~-M r I a" It 

<£.LiuJI i_jjl_a£. (jljijJ aLa-jLi (g j da ill j»_i jdlJI <JU- ^-4 > a'~^~ ^ < n_i In' ' i <\>4^ JjLa. 

J j 1 K \ 1 1 (j_t~ H ^-*1 1"^ jLfl I jj .aLaJiVI t*JJj (jn’sa ' ^gj ilVt II j»_i ijjjJI <JLa. ^-4 tj 'if. 

^ <* 

( j.i < v»-i ^g j > h ‘i II ^_i jJjJI 1 (j it Jj'C i “LlLaJI (j-o 4 £&JI (jl (jjAJJ jl <jLlfl (jllitLa-o 

* 

^jjJI ilLaJI ^_s 4 l*i^ II (j-o jl <.1 a (Jill (j^ii <LfcLuJI < >jULc (jlji jJ *LaJil 

• ((jjjj^i) 4 £.LuJI t-jjllc- (jljjJ (gjdoill ^-Jjjlll l$-ii (j j£-> 


i fll -cti~i < \l 4 1 mj (Heisenberg < 4 j-Ajj-il_A jj- 4 j) cj> ^ •— jl 

* 

(j_a (jjj^s (J.i_a Dobereiner jj J-Ij (j-* j u-»l \ « II j-a trisds oljjjLj 

(_jJ 4i>*j (^JLojv[ jrij-a-i J-* LLki j-i-jjj-ij-i <_flj-*j -i-s j .(5 J ^ a I I) (jLajJI 
****** 

<4 4 >.* < A lIj^LcUlLi j^lu^Lo jJr>l jjl I <UlA <<■ fliilluo > T > * ajLLoJI CaAjJI 

* * tf* s* 

s* 

(jl^ a^JoLxIj 1 fl 1 LLulj j-o 4_J I^jV I CjLaj^ujjaJl Jj > Jjl a.aJ1 (>> 

* ... -v II v ^v- <Laj jJ>A S^iaLljJl jLui^jI m 4 a 1*> A. a il 

Lfcl 1 lAj jialujt *S^~\A JjdaJI dllj 

^wi^'i Ijjl-S *. 4-' ul.U a (jl^ • jl y 1 4 Hj-J-H (^-11 6J i _jJull (j-* Ljj Jj V 

(j-o 4-JLc. 4_j_iiij (Jt CiLaj) Ia-c (jJI (J^y.-uajJI (j-l-C- IjjLS (jl^ 4jV (g jJ-lJI 4-ljJ-a. 

(g_yll .*■! a . ...-- II Cjl-il J '~i- 4 a >. t-v (J^ja-J 4-^Lr>-i (ja-j <(Jja1Ljj .j * «~ il '« I I ^j.n-% 

.oLijli jjLaJlj jl>a.) (j£- Ij^-Lc. jh-i-Jj-J-JJ-l (jLS . 1 4 I -J -l ia-JJ 

ja. 11 ■■■° (j-^-j L*^ •‘'-OJ- 3 * (_j-* C*jl^ (^aJI (cjljlj-dl) C<La U J»-a II (j-o (J_iLfl.ll j-liJIj 

X- ^ It * 

a- 6 >— flLS jJLS (_J-Lc. 1 *> I 1 /^ •% JJ (jj^-> (jl J-*-J (gj _'J- >- ‘ > I I ja-jj-ljJI Jj l >~'J Lo-J-ij 

s* 

• IflU jj$l ^ jj-ij (_^ 3 jJlI <-*.11 1 j <Cjt,>L)».nll 


<jiLoVI (^Jl l jLAaJI ( j_4jJ |> j \j juj (j-fl <Cil o.j uia It tLiJ-uS e\ n lc. 4_> ^jit La jl 




alj^^ll jj-S Jj-ukiu UL->..1.II > a'u.) <SjLa ijjd 4 * t-1 a jji.1 jjA 

<4 xt, \ u~\ II 5^-5 l <n l*\ j i £__fl lj}JLj J_2 1 . jxjl iS\ \ II ^yC. g-Vifi ^JLlI 4— ftJr> *\ flll 

^ \ itt-y uua. jk ilaa^jJ 4 La. a*! i4.i.xvJl q! q 11 CjI f i LjUa-ixJI Oji-us 

s* ^ 

'Uaij ,^3! ■> iU^~ II j 1 ,^lj ., -, J_oVI L't^k Va! ( gJbj ij^jojUjJI aLouli ja^La.7 J) it%~ 

* 

. 4 > I a x Jl 6±a I ftj'if. ■ ^ jpa 

(j-a 4 -~l Jra-iIiTi (_g j-n>-i La .4 I£.<£i.a 4 $ -vl^-aj jua (j^SLi (jVl L'lj I f 

<1 »l fl j LJLL I » jt i LaLaj (j i a*«lj (jj*\ ' J-2 •‘La. ' <<~>,1I a JJS ^-Lx. all i SjLaJI 

I j-A ij^S) *Lij ** *> 111 (jl (j ^ . a .i Ifl to JLij-a * *>~ (jV «<aiauxiujl 

* i $ 

LaJ.Vai ( ^s J . fjxSJI J_a Jjljjj a^ill (jV . 1 a i La^_o p ■% ~k l| (jjSaj <(J n J I ' 

1%. H x 1 1 Ll4 8 Ijjjl Ijl < LVxlfc (j ' » ~i i 4jt < J_i^aJI ijL^j (j-o 

/ # ,, 

IjljjLo Jjl^aJI j Jjl a *»V I (j_o ■*! I fl ~ ■■■ 'j <(j(^JI (jj «" m \ m a al_L> <4.1^ ^ ~ -s. ~i II 

* * 0 t 

.(jK- J* ^ oLL^SVI oU.^Lx jjU^j 

(j^jJlj L^-a 1 1 <Ja._)a1 I (j jSL jis (Lljjij S j ^aJ I ajjt LLiSjI Ijlj 

<t L^|1 ' a <iUa _ ifiUaJI (j^> I j tl *S IjJ^ (jl La. \ *1 f (jLajJI (jjjjj 

,\ \ " -111 m \ CjL»jJa-> ^j) Lr lc l^)jL5 j rol^xJI 1 ** 1 * _ M Q \ % iA 

j£-o < \\ fit la Jl .<LlLLIjJ 1 l ^ " M X-ixi" ( jX. j-k > II ^-lft..ft.» cJ jUI Lliij Cj\ \ ^ ^1 

^ i 0 

<LflJjLk~o J_2h.l^)_o c^-fl ^Jl (j-a 6X0 >. j-jLfi <cj-uu^I ^ a 1 mu 

^ ^ a V j <jL>x.VI VjJ>j <i1aj 

1 1 >1 1 III '(Sjj) ^ Q ^ J N C. L A I A J 4 t jml Mil ol jUI Cl Jj ^ II 

( (J-uO-flJI ^X-l ( j 1 1 i j (jVl J -ll tl (£ 6^1 \% tj .LAjI 111 4 A-x*jl ml La jxlaAJl-lu 

<(_|s)JI ^Ic. <L^j| jl i 4 >4 '9-v II 4 8 lj~k II ^_A ol a i iii-^U 4 ill -v II CiLI j la II 4>i.u J 

-j> 

(jj^ljl l M**» II UjLLxal ^jjJI oljl J >-k II (JjLajJj <La ■ '->■ 4 > ml Hit oLl^xa. 4ii.il 

(j-Ju (_^jJI > (j 1 1 XZ J-' l Ci « I iii~< ■“il.J <1897 jxlc. CiljUl ~ . Q ^) c jjl Ajua 

.1919 ^Ic. I (j . Ir 

(_f-J-JI LT^J 1-fjLjjXa J&&S (jxxjj <ol a_ > u,y I I LaAlc 




^yJI pLJaJI -ASj . pI^jLJI l ^y3 . (_)A» > > I fl .A» v i*l i ill n " 1 > pljJVI lilJj 

.<-i.JL.JI L i. 1 ~I IIa (jl < A iL-. II aj-A (J^ j>t <Jjj . .. a 6 

<<jjLualsl ^yJk j .Jjj^JI jj jj S-lJ j a j3 <Lej jjl pLaUI 'a" i * .iSj CxJ^ 

j~£ ^ aJ-A j)-o iljL f '. $ 1 *■ -i a ^jl^Ja ^jn A-*. I I m< t j } IVi a^JLlI aj-A 

Lai . <LaajJI t \TtL\ —a. Jjj L^lV 111 iijJLa - < I Ll*i~ II Ij . < i xualaLli A 11^ . <L-»Lj () *\ II 
• iS^Uol ^Cla ^JLa — S j_»j_ujJI^ Aim 11 — ^jllxflLJI 

jJLsJt (jLa^j j-*^i.c £_ ujLiJI lt* ^ Ur. I j^.1 

^Ul _ (7) (1 879-1 831) J.C Maxwell ^-.IK ... VI 

£ 

A dynamical theory ^ * 1 *j p ^ II JJLaJJ <u-aLi>j 1 » j <^- < 1 j-a ^.s a^-l > 

^^1 ^ ja<4ill <Sj^L J_Ul (jl <J ^ - ° f electrical field (1864) 

j i -ij ! j a.\-^I j 2 » . . , t Ul a ^ <1 £ jJ ^jl p •% j I a p M ^_A < i xudotli-Jl j < iSLj4^-1I 

^jjljLs J< .1 A I p i I e d «-> a. A ^y-lJI ^-!)LTi-~>. II (_j-Lc. <_i_j_Lk-JI <-ll a f .l |J->j jh^I -a 

j i j » ~i 11 j)X. j-a.Lt <1^J .iL^ LjjLa. ^Jl _ (1867-1791) M. Faraday 

j> ** 

pLj_iiJ1 ^yi field J« — II a a ^Ls jjl ^jljUJ (_j-t ..I ji j i ALj <LaLlji4 jjx. 

s» X 

Ctl A I 111 *\ II ^ IA1 < Jl 0 ^ II S^iJI J-AJLI . Lo^- A ^. J •Ajjj Jjjlj (JL k A <Jl_AO 

< <^j aj a II iilaII Cil a * J1 j)-i-i < i ■ 1 1 1 lil 'i i a ll 5 ^i)l J-aJU j jJ^w ^_yS . Lj-. jmaII 

<-*-jIjJI _)l A*i II ^j.^1 .JjLujyi a % a oUJ oL jjJL ^ IV I oljl i'< 

Aj A II < « . .Ull ( J-ij_ujS(Lo ^Lua ll ^y-A 1 j ll -1X1 ^iVliLuj Lil^ jjjj jLxa.^jJI 

11a . ^y . n i Ul 1 4 ^ ^ i. L Ju| <j| i "1 1 iL) * p j).i-ai II < a i iJ-lI cxfl^JI dJj ^ ^ 

J-I^VI 1 a .^. - < 1 ^U1 (1894-1857) H. Hertz jll^j a 1888 


j-I^VI . a .^. -, < 1 ^U1 (1894-1857) H. Hertz jll^j a 1888 

^y-A (_£_)_a.l < * a a _)- p_i <_J j .<-*i i-La> II -ZjVI -a iVI ^y-A < A i" i II Q 1 Fj <<_i^_>jljJI 
jj *1 ~ i ■! ^ 1 a J.! j_i^La CiVjLat-a , - 1 . A j r I a l’if Cjj'j-i ^y-jJI .< 1 1. ■ u i II < i j L i 

.(9 Jx^iJI) 

e j ^ 

j -o J5l S j.Tk All jjji aj t j-o cikS-uj 4111!; 5 j-q-» dll-lA ^ 

j kj x.XI.a ^_luI s_il aH <j£J < Ilia Clerk 4 a.uil <n*CLa ■» itJLiJh (7) 

. J->j-uj^Lo ^-a~L\ ) (_J jJI jH ^-a I jIac (ijjJ Lojlc 




Jji ^ - A \ iSLU) ij %% iV>J 

juajJ >j 7SM ^L^Dt al a mj <(7 J u-i a II ji-ol) 1905 jvLc ^JaI ~i .<?<*> 1 

messenger <Ul_Li^-aJ oL ^ - ^ Jl Jjl jjAjiJI jL£ <1916 ^Lt G.N. Lewis 
j.\ ,y* * li > . .. -v li jj-u a jJj (J_La-i i-tl n i ni^ j <L^_ajji_i <j£ I particles 

J-* <j>»ji-!l -Sljjj J (j±“ L a . lt a <J .»y> “ ‘- ft I I f J < "■> I I J 

» 

,~J o i ... -v II (j_i_l 6 jJLil Jjj-j-t (£ ill < j- m J L I j » a j 4 ^ I I W JLcujaJI ^ j m J II 

. p jj i ^ II df j mi ijjj t <i£. 1 fl" a II 

iaa-uia <4 I -V J * J| aj-A j-i olj jaj 9 1 1 j t~> i<~il t <i a ^.^Lo ^y-ll <j.Li_j (j-i-i 

iyi Jj_o <<Jj <<dlSJI ^-.i..\x ji-ll .LL^.V <aJI jj Lit i <11 Lu I a ^ t-t > ~>^j1 

^-OJ a *\ II < t-u' - ' jJIa Joaaja 4 mV. i_il i m^j .4 aaJI <iL5jl j 5Laj V ^ajJa 

(_g J~1.-|A~1 (_yj-!l) <oLo_i_LU^JI Lt.1 <j^_JjXLll j-*> Sj-^J jjAjiJI j-l| l_ l ., L l. i , A.< <^_ijJaJJ 
j_yJI 4 ' ■■■'■ <fermions olL jiaji ^_a - mt a (l a-> >i oLjjjiS-llj < cjIa jja jja j oIajajja 
4J5ajL i 4-ii<~'*sl ^jJI E. Fermmi (1954-1901) ^ajis jSLijil jjJUajyi ^jGjj^JI 

JM-a. (1;jjj ( Jx.l_i-a Jjl aLaa (_y-Lc, l_iaa.il i_fij_iiil j <L^_la <A. j a ^ a i ft iaij 
^ylJI ,~il a i ,,.--v II jlj I j-A . ^ij II jlUl^-iLo ^ jj . i ~ ,i a (j a ,A <-> 4 I'llt II 4_i_aJL*JI , -j ~v II 

i^yjLjj-i^JI ^Jl 4 1 ,,.’i bosons oLjjjjj ^<ian integral spin ^ l^J 

.-. lj U ^ I I ^jj| (1974-1894) S.N. Bose iLi IjaA^L^ ^j^JI 

jl <aj is 1 1L ^(_y4a lA-oa (Ji-a <l^-la a j ii*S jlitl <Aj5iLa.ll U ‘i 1 1 <AjLa<=sja.y I 
^y-fl <oL)jxaj^ ; y_A SjLaJJ 4 t m l m V) pLa < a«-v II yxa -k. /jl J , J 1 ■ ,,.j .^_uiaui ^1 a m 

S , _ ^ 

Iwi-a. jjijJI 1 a jl! (jLs IjJ .oljjjjj ^y-A <JLujj_oJI ol a I III j II ^.lha jjl 

^ P »■ 

■ CjIajjja a 4*\ -ml a~a oLijxajflJI ^ja <£jua 1_^_|L_1 LlJjS jA ajLaJJ 

<5 -! 

J ‘JjLlLJ L yJx, Ijjli J I_ u-wa (j-ic-j 

,<J <Jl£ Jj^.j ^,iixJ a J nil i a 4 -> i Vi ^y_A «J a. '> II <aj_j Lf^ 6, LIajiXS jjV <4_1 aSJI 
•LL^-j S IaaI jj Jaalu <Vjl : jj4f La$ ^y_A I j -aA , l . flA j_y4-!l g. J..?>..ll 4.Lm,.L<i j 

SJaJaa oljljAjI <IJl 2 ». a j > mi Ijj-a jii.LJ.~i (_y4jl <CjI a I m-y IL JaAAjA 4 aI 3 (J iasAJI 

-.1 ^ < 

4a1c. i-i jj < JjjjJI jJI SLKj a <Ja^ jj JLujja j\j i n j yTiLi , ,S <IaaIa I j" al L 




2 * * 

jJjlJLi <JLlS\ II Cj 1 At m ILfl :(E = me ) £-0 LjJjia ml J4J 4_Sl_la 

Oj J LT*l ^ 6 ^ f . 1 ‘ “>1 c£-°^ *^J -<5UoJl L>° j-^ 

$ * ^ ** <* 

4-S^> tii 11 pLLL[ 4_la {jSLrt i Iaa, Lljjj) jjiLc. IjI V[ i 2 Lh.ll hi &%. >1 ^-U- 

a < V <j1 ciLij ^Jx. . <J»Lh_ll i_jLjljjV 1 4 U 4ul 

V[ <5UoJl JiLL^Jl 4 _ix- l >A^ <jf oj J cPl cj^ fj n t ? 

^l_pJ <jl aj J ujf-h <J>^ 0 ^ u^v) Zj±*al Sj-a jjLlx. Ijl 

4j>^ ^ ~k 11 4 1 ii> I ii\ ^yA 41ILJ1 4 ft 1 II ,^4_L>Li^S_M J^L=k. i 4-A-L~*.J 

(jJLil 4 -jL 111 ft Jl^j ' 4 ■ W f 2 e.j . ,. 1 ( J_uul^_aJl 'k 1 1 11-^ 11 j .... -v II (_jj.ll 

(8) UI 1 -k 1 t^Jl <U ^uul ^jjJI 4J-aJ! ij^la LiJjJo i_i uil iT' 1 (j » Irvi <jS-aj 

j « * * 

4-il i it /> £_Iai ^ « U“ . ^ i V < l,Aa. a j i <GUa. ft.La j M_|4*i VLluj-o Ln i m-.. jjj_ 
li^j ^jl 4 1 If. <SjjJ~k_o J if olfll Jim (JLujj-o |k i r«-N ^ Ui > tjjil'Nk ILj < ili^la 

<j-° 4 ^ £ - o^SJ^ c5j-?^ l>1 6j j < ^*A; l ) u^“ ^ 

( J _4 djj— <i (jl 1 0 i 8 1 1 1 I V (j-J-JI JaJLs 4JU 11 I ‘ I I ~ ^J_S lilij J < 4 _ 5 UoJI Jal ft--k-'il 

(jJ-S 4 JT)^ ol-j^j i _)-4U ^jlS j4_j . 4. L~l *S II ^-Jj-C. ijl < i •>•_> 4 _jT ^ ‘(JjVi jxLi fl I I 

(_5 jj (jj J jj'if J i5LLjJa .-it it ... A /I~1J jj-1 ^ III j 11 1 1 i n j fr i C Jl ^Ls-iVI 

,-i~i jt." I it fl,*k 4 _LlAJ Cj-iI^ jJj ■ I J ftt mi f. I AjU'i A I a \ s i J-^-J! 

/ A i ih'iII jkij^ (jJ i_u -t ^M (jV 

iol I-IJ Iiry II ^m-\ (Jju> <JLSUI J- 4 AJ , illSjJI ^j-4 4*11 Ml iijJLaJI SjSJI 

a ■* * 

(jjj al Vi II ^Lillt . N 1-1 " ° in > ini >4 aj (J x.LijJI (j-a t-Lt-uil 

4 1 1 Si'll 5 ,jj lj[j mjlnl'ia ^>j 1 n ^ If.Laj (jA 5j-» 10 42 

dhj^j Sjjl_5 4 m iJht jl i 6 jjL 1I ^.1 j-i-i.1 n 


L 1 <J!SLi 6^5 J-a U U^i ( 8 ) 
x iKJI) /^L^L ^uli = 43 iu 

. djUilai j!La 10 13 iftLuj-6 JliljVl frj i 4-1 11 J2ll I j[j 

CjI ft II ^ a ... t La ^ic. Vtftfl >t-Tk djuA ^jl jjJ[ <a.La_» Li| fiSjJI 4 l4 i (9) 

* 

CjULlu ^ i »-U fl~ jjl l ^ 1^ CljI£ L] < kft kfl~h li ulki ft > « j f> 1 1 A-i J - (J-fiAj j^-U-1) pLa^i H ^_4j 

• C>La a j <1 j ^ ia 




J (_ylc, (j-ljjL 5 j < d j *\ 1 l_> 1 \ j 1 C. (jjj-aj^-o J-AC Lu jZ j)| .(Ji m 111 (jj-iLo 
LUJ ^ JlaJI cA AAxu^ 11 ^-ci ,m ifi jljX.1 ^jja ^j^ja ^JLaJI J^JLJ < 4.11 ft tJI 
dl j_lj .^1 1^11 ^UlJL 1 ^ * l ^ ^ * ^Iaj qIj q I HJI^ c>Ljl j II ^Li 111 <1 1 1 juj^j 
plli^U a V 111 Vj <a^Jj ^.UHi uja^ aJllA :LoLH ^-a^l^p ^Jililll 

fi 

t ^ ■ <■ 5 jU 'j-^j * " j <Lij-*-to LjjLaj L*_o j jLx-j-j Cil nj ma l _j£Ls . la-A 

I ^ x m i 4 ^ a :Lia~o I lie "i l^- n £ilj () a <4 t hmLiI 19 njfl^ll ^£jaJI Lai I ^ 11 

l_ylc ij-lj-iia ‘SjJ <J_ 1 _A \ ■'l~i"i j\J dL d A ' 4 ^.j < dj mjt-i l l » 0 j. fl5L H (£jaJJ <J-ULj 

. Ja l~i~l l ■ ijjljLa 4 >.<■»< ijal iA-ojij * aJ1 dJjl^JI SjSJI ^y-ll Jjaj <(_)<aj^l 

If ft III <(JaVI J-La-S (jJaLjJLLI JLujj_0 a i i n -n .> i my (jjiLJ 5 J- 5 L-S d_oj 
*_0 I ’: ^ I Q It I All <dx. li_> l_,l |,l|| I JjVl (jia. <_i i Vi^j j»J (jil _ graviton (jjj-Ail > c. 
■ a » ia < jAjd_i d_l^J <(jjji- 4 .ll Jj-o < d-LlfLU ^ id f. jj j jj j_A (jj"tj ?! j-i-ll .SjLaJl 

-fit £ fl 

(jj~ ' °lj* " (jl (_y-lt “Lajlc. LujJLj j-Tt/t jac. « 1 iA» dJUUI i’ll" i_'^» in~ (j| .ic.j-i»Jl 
<j1 (_$-Lfc IjjLi (jl jL-^ 1 j Vj .< ±ifL!l ^ 

Jj_3L-aJl lj_A 4-i— oljJI g_a-aJI (j-o <LAiiLj <_aj (j V <2 jj ~ < » j| 

I \~1 Li^ » Laojj jjaa.j -U> J J-^J ‘TAaA^-j jujjHil i k-LAJl 

<strong force Sjjj-iJl 5 ^1)1 <^^1^ ,>1^1 _>jjt ^ jilt ^1 (jSfl 111 

* 

(j£J <1 ^ i"k io (jj^ » '»< i j <~fljfLa _px. I <i (j i jS> Lai .weak force <1 a »« - All SjaJIj 

^ ««< 

<L^aJI <6i \ \, \ jlu 5^i J j j^LlHuoI ^ 1c* ljjL2 >— tA - > a HI jjJ| 

J-a. j »- a - a . (ji L*-o iojjja_o CjUjjijjjj oLjjjjjj SljjJI (jj^ij I^y-A dJJj 

<<|_La— JuJI (juAj I4J (jV^ oLjjjjjjJI (j_u <_j_j_sI_1j a ■ ... . Ul '■ j *j |j K II SjaJI .j_iJLaa 

1$ i«q»ij) - j a ’■" (jl ^J1 5l jlil yjjj ,j-u> d_oj IjJ <( <JjLaj-aJl ■-.!*»-- All (jVj 

La ^ U < id» II 1 ftLjj^j ^ jJ! i 1 1 u 1 1 1 _ d 1 mi n 11 ‘i a II j (J^Lo _ 

# 

1 Va i-~i V ULoJ aiLlj (j-o jii^l S d *C 1 ..I 1*1 *1 a CjLj jjjj_aJI J_*_a— 1 (^jJI 

j->Ljlj V S l j il *S a (^y-4 L4 t 4 > \ jjl La SSl IjjJI (jx. d i im 11 <-a_>JjJI CiLijjj j » ‘» II 
<(Jjill d-ua^Lkj . jja .1 a-(_y-AAi LfJjAJ (jl Jj ^Ls IjJ id-ijLjj^ SjA (jLa CjLjjjjjjajJI 

< oll > J^J^ilJI ^—Q 1^ j ul ft (JJa-j 1 d ft IflUt A (J^sj ‘ J ^ ^ ^ 1 V I' iri a ^ (J^ I A I 




(jjuij j^JI (jjj J-£l 3U 4 i ... lUl ~i 11 a jill fjM J-Uil bj£ J^jjx j (jo Jj ^li 

SjLoJI Ct>lf^ LaJ 4jl dJj jjJI . a i Al . , - <1 tjj ' j) < ' CjLjjpj^-JI jj-ij .CjLjjjJ j * 1 II 
aj^J j jSLj jl <Gli i aj.'t.l j <1 n-\ .A al^j LAj ito jjSJI ^ , 1 K 

.Lu_jaj sljj __^xS 4-0-> V - j t-Mmi (_£,io 4_ijlaJI a^ill 

1 # 

pi »i i < i C jI— C jLj . jj-a. II (jA » i ■_) 1 InTI jl Li-A (j-l-C- 
LLa. 4 _lS jJFi~i]| I "■ f . ■ ■ Loj a . "VI QUSTkS cAS!_j jill j-o 4j j£-a 

jAxj (jj_> Cil tjl " 1 1 4 ' II a I 4 I . ^ II _ oLj j) i KSjl (jj_> i 8j .i^aJI (J n 1 a" II j" ' I 

~ ^ * * 

<4->J_^ill lfl~l '*S_)-a jjj J-& j. '8 > (J I^i^oll Jx.LijJI jJj - 4 £j-aJ jjJ Cil jilllll j <CjLiSj-aJI 

f 

d . ... t Ul *i j, *j j II S^jjl jLa <a jii i*l a*«l r l I a. r*.f < j a a j » »*C Jjj_a .*1 1 ~. a jja jl 

Lulj jjjSJIj <a ^jLl jiljjj Lijljj (_£_}j (jl £-a <LlLo£. 4-1 j 4 i<-i I Vl l l (J-oJLJ (jUll iisLtoJI 

, j. ^ 

6^ <_> jJLlI oLijl a-~i.ll J< l ■ j l~ a j >. s lL II ol j-flLV'JI aj-A jl :Sj-Li L j °l ~ " ~ 
l ’>j ' »^'> ^ Ijjii Ijli IjS^j JiAJI) dl^jj c$Lhj djLij^jill 

jjjLa-j ^ ill lUI J c I a~ I I y<M ~ ^ 1 d.a ita (jlj (jl-aj m-a llil 

if -t- if n 

(j-iJ al • ^— II JtlilJI JjLa <JUL j .^XtJI _5 Ij^a. L>^j3 ^lx.Laj Ijjila ^ -aJ (j| di tfta. 

i * 'i * is 

(jjj (J a a j *^>^11 Cj^~ I a I~i -> a ^5 <d_dj-A Ci l a i ma i II 

(jjj residual j . a «~ A II SjaJJj .JLaJI j-A Ij^S <d a Ibfljk II ^9j .ol^jl jSJI (jo Lfjljjio 

<6Jj-4.laH ol^jl jl!l (J-AJ 5^iU -Sl^j ^>ia4 jJt J ( lj-3fc. jJ J-O oLaj ^K - v II 

CjLa^J^A i]Lco^)-aJI L^Jjl ^ ^ UI^J ^ J-o <4 II S. VjJ ill .11 6^SJI 

f 

a >■ \ .*.11 a^ill (jLa <<ijJLaJl Ls^Labj .gluons olSj) i If. ^ a mi 4 l i£ ll «t a o c. 

CttS jjJjlJI (j^i a aV< in J .CjL^ jl ^Ul j-‘ . jl ■ ^ a ~.*y 1 J_il jj ,*„* ^ hi a ~ ~ 4 i a i a a II 
. JjaV .~.a J , J; ji ^ic.| iajj ■ .j U . A /. II ^JUJI Ij^J «4j^UI oU-katill)) j 

I ^ It. a h .(1961 ^.U. j a jl *\". J (^J( 4 . a m~.ll &jjb ., . ...*t (^jJI <M.Gell-Man ^1 n K (^^1) 

cjj jj ,jUI (Three quarks for Muster Mark) aUaJ I ^ ^ L^KJI Ujj .kwork 

.Mark ^ quark gj>kal.» ^lill j»h«A jt ^Ukil .Finnegans Wake ^ 

bjl ajjfcj .(Jjjjj 4X1 0 27 yAj .jl lit II IjuA (JlLa (jJ lull j jSJ[ (j-jj jJlllU j^J 4 aj (11) 

^ (jljju-ll a I * * 4 - '-iijjJI (jl c>4>jVI l^lli ‘,j " n 4 *11 Jj-=*- Ubjlii (jj (jJi. LillijJo Ji 

** j ^ 

. Lia. <jjl^Lo (JIjlaI kftrk.ll oLfllluJI 10 jJSl 




100 000 000 000 000 000 000 000 000 N 



100 000 000 000 000 000 000 000 000 N 


LjL» ^ > a ' > 4 _i^Li 1 LujI jjljl 1 1 L^LAjI It a ^-to-iJ .9-6 (j V i t ill 

S^ili (jj iaLSjJI^ <.j.fl.lA-11 ^ cjUjjUJI ( 2)-^ fjjLxjfLja 

CjIjJjJjjj (JjLuZ (Z^ mi.i .^t-k u, ^ f-LaJI JjA j^JI (JJjLa JXo 

I 4 J ^ * A -> " H 4 1 1 fll *>”> 1 1 S^ILlI (jj^_ijJI (JjLxj^ f A j) fl 1 1 6 J^_$ ^-A N ij 1 \*\ 

ujjLaAJI . 6 ja\\ 6 j-A j ^-A (jfJ Sjill .^1 ^c. 100 Lpjj 6 j.y J ti <A.Lflj 

tCiljjjjjJi ^-0 CiLjjjL^j LAj >LV1 pa. I I ^ f " « > ^ ^AJ 

^ ^ fi 

.LUjj j-aLlI jl ._..M jjJutj IJla .LoLoj jjJlIj dil^sLuJI^ qLjIajJI JjLa ^ “**- lj 

jJs J I (] " I » ■ .-I -n. ^j_a f1g\ __j1 4< n I A II S_jJLll ^LjLxjmxil dj -0 V 

-0 J| 

.^^cLxjiiVI ^*K a" 11^ dy j *> » « a j > <n4*vl 4.4.) » 10 II S _ji)l C.i> jILal 

5 j a H 4 .al ,^-JI 4-. »~*>ll jli iCll^jl^jSJI <JVjl> j i*\ 4~ II j_A 4 1 . a \ La J <A at jl £_aj 

# **4 * * 

**ljj ^ <Ljj>liJI l_4jj_uaj (^-a-t 

r ' » m iV I ^ o . 11 a II ^ I a .mV I Ul <ti \ II ij .n i <al jjJl ^y “V ' JoiLi 

oLa._i.4Ji-> Lfla-aujli j -Sl^j _>i>S ^y Jjl <lj^. j 1 < 4-18 (_£J-a 4 i n lAll S^SJJj .^Ljaa^ 

Lh 5 ^ 1 $ !'■< Z W and Z vector bosonsj W I 4 >'i,a oUjJjj ^^"1 

( _ r l^ 5>« 90 j Z'y 80 


.gauge particles 4 jjLiaJI ol a,i m> II <JI_tuj^JI ol a 1 m> II ^A.u'1 <La_^ at ^ 

^ <*» 

L)| Jj i .11 I *1 1 4 *C 1 j .Jilt J * I I > <Al j ,_J_1J_»JI ji^auV! lo* J_ua! jJJLi_luj 

* p 

<<-ijLix. pi « 1 hi ■> LAjI oLi j 1 l*s II j <4 (j > ~i a II oLj , j j j_JI j <<JI a*i II j ‘ix 3 ~J * II 

r<La, t A -v II .1^ j" m *1 tsA 4 »puil m« VI (JJ fl 1 1 ^)l SjL i[ 6 J_A^ 

j l 11^ 4 4 iX j A II qJ < J-t^pa^Lo aIjj jJI v 




lid .electroweak interaction iiij ^ *\ J1 s ^jjJI ^ « <<i~ Si ' v a; j-S ^_S La_a 

CaLjl j-aaa. 4 ° ' ' — ■ j" ^ I ''“■I 0~*»l JU. <LaJI JjJlLauj < jJal Yi.l ! <La.ua j-A JLxa-jjJI 

• i- n*\ Cal n I i n-\ II 


« Calj J j-L^JI » i_S_jJa3 JjVI ^»_mjx)I L y-S (jj-o-mja <La_uJLa <iiJjaJI aid 

«da_Lul (J<*l j~~ Cal nim^ cjLjjjc^-JI .leptons « calSj" i III » ^jUiJI .hadrons 

J5 (M 

J,¥ <1 $ ol^jljill ^ VI _>klj olijjj^JI f-ujj ^ j A il * -. A ll S^j-SJI 

P-LaiuVI ^ya < Catj_jjS_jAi]l j .CaUjSj^jJI) cJlid J^a-a ^ySJI 4\ \-k» II CaLi^l-'. oil 

* ^ 

'• ^JJ J >~ m~l (Jl a XJ-ujLt i ~it5Cjl aj _d 4 ilia (Sjl axj llj <UjjjL!l 

4 

.(10-6 J < ^J l) eight-fold way ^sUUI (jjjklLa £^A * jjj \ ill ^j-o 

1 4 . L i -1 <LjJ (SJ-^ I I (j-o 

LoJj .^lUJI tlAjlaC. (j-o 4 -t^alA II 6JJ& JUxl^iL 

•*< 

isospin ^ j i U \ 11 1 a (| ft 4 -jI^>- 3 ^ji a_> <j! I \ <1jLc 

lj_Aj < V 4-jJjlji <JLJI 6J-A ‘Lj.jNAJ ^j ui-\ ixljJLx 4 ^ j i <ti 





4- a ij 1~. 1 a *> 1 1 _ 1 0-6 tJ-3> nt .11 

<, > ui > 11 a j <<_Jj y! oLa-i-jj aaJI jj-aujj 1 <U . V a A~il 

V? Lid .<JljL^ajl^J( ju^al -l a r -Ll tJj- VA .il 

IJJ&J Jjl J aIa a H tj-6^ dat rtj wa <-ilLaU La l lj 
.La-Aj-j-c. tjjj <n tjjj-jj-i-Jlj <p tjj-jjj-aJI 

oU jS UjaaaI Cjt ft > AO^il 

u* J^j±) 6 JJ^° <-^^1 

+ 1 jiilllJ J^lf ^A jAVI J j "fc A llj ^(j^lJI 

/ # 

&j+j .hypercharge <L jl* <1^1 a a 

In ujj pi aa iiia ‘LljLoj ^jLiH <4li^iaJI 

ItXj-Lal cjl-jala-l-o 4 _ojj ft > ,i l ^ «<n « > 

• (_5 j-lVI CjI aj «nn 11 JjlUj 




LfJ * ^ * ... -v 11 


\ 1 11 J ,^Jl. A I l SLA-X-U^lJl II £ J J) a J ^j-a U a \ 

- 6 *A >Ji uJI 4 L> ■ ..1 t J^UTu V d>\ A 4 * < ‘^ 


4>?-J ^ is\ £^1^ J-*J <Jj -uaiJ I La 4_aSj 

^a Lo^ j .^1 1 -6 Jl-tiJl) oL jlJJI ^j- 10 uj^L»lc j ^Ljjo^JI cj^-jIc. Jj^L» 
dj^CLlI O^L>L*JI ^j-a JjLfl <4 SLuJl <-i^. jj-olll Cj^L»L*JI JUJI 

.(jaJLxa- ^aVr> ^1 CjI A 1 4ii^k II ^yd cJ-° ‘-aJj - 0 oi aj <u^ 11 


CJliJ UlUJI 

iyliJt <J1UJI 

JjVI iJiUil 


dK 


as 


dl-,< 



1.9 

OJJ^ 

0.11 

OJ " 

0.000054 

c3j^I 

1: 


- UJJ^ 


- Lljf' 


- Uj^SJI 

*> 

,*i 

<0.033 


<0.0003 


<10‘ 8 



189 

ajjill 

1.6 

4 lit 

0.0047 

Jl4 

4 , 

5.2 

>iJ1 

0.16 


0.0074 


i3 

0 


CjU j “ ^ 1 H jjilA << 1 AiiLmVI ol ft \ in "fc 1 1 Cl^tjLxJI 7 w I ( JjJ -^. .1 1 “6 AtJ ) 

4 1"><1 olfla.1 AS\n { jJt Jj£JI (c>l£ cAjjj-V$JIj 


- c 5-^[ (_j-s -Vjl ciLi j > I I I A -U v I 

j!) tau jU y ^i. >H Cx&* <JjLc 

(_J_a i _ lia. S j i * <<-i ‘til's j i\H .^jJLjJI <JjLxJI , jJ (tauon 

<Lfl_jJ«-o J^.1 ^ f„ ' \ (Jl J • 4 1~*\ II <L>j i i<-i -~>~> lls La_ijj _ (jj^JVt 4 (2)-° 

JaLoiVl 64-4 (2)^J j jj fl ~* ' ^ (_5j4k.! < * -» <•> ! -> L$J (jj^? c} '-■•>■,» .(j^-4dl 4jLijLaJI 


jLs ID .flavour ^iL'JI ^ 


(_,_ — Lr „ 4 j^ l -h JI 6J-A JJJ-1 — — - J 

(Jjl&j 4 ,i i jai ,\ a II .Llj^JLj 4 L^JI 4 <ujf. 4-o jjj>a C<l^i ^_A j \^J1 

a j-A j « C ) lj-o 204 j) ~ w->-j JJLj! <4U (Spin < \ -y m II ( Jjj . a.j <U t Jl , i.'i.cLi 


. iljLLJ' Sj£_$ j-j-J jjJI SjS (_yi5!> (jjj <,.' ...jJI jj-A 204 < i m'JI 




_ jl a II ^ II ij _ antiparticles SjLaJI CjI a * L^xjI clILLa 

,^.1 x II (Jl v ^11 J-i-fl (j_o ^LoJLaL) _ Sjl 'A o SjLo j\ t in ^ 

% * * 

^ i ixi?fc-l I .Lo j_a. jjU LojI <j? 4jL±jLaJI . L 1 1 ^ c.j Lu^jc. 

S= 5S ^ 

< jxi-L] < n i ^ ljL-o S^LJul <J J^5y_! ( <1-1 jii.iu ^Jl C2j\ t > jl *A..ftJI 

«* . ^ ^ 

<LUJ ,7. a II positron > 3 ^ jl 4 A a li ^ * , ..-^ II t 

^Hjl <| l“i mV I ■ < 1 1 1 a '> (^jj_>jSjyi La^ i >. .s .» «->*!. i (j-iUJI jVjjjLiJIj) <Jj5L]l (j*kSj <J 

SjLo-ll (j_o Ij-x. J-I_b _>J-S j_j-i i.i i m II Lo Ij_A <-xS ^Jt.'i II Lt i I c~. j i i " i 

S SjLAaJI sjLaJlj SjLaJI ^ Lijinl jjV >jLaJI (jj!^ j diljja, S jl iA nil 


(_^jJI <luJI ol^jljill (jLi <( 11 - 6 ) (_J*^ <~i II ^j-s Lol j 

juai 1 V.lNX. J <CjLi jlJJL Jkj-l 1 O tfij • j V ■■ -a I j '« A , jNJ lO^-jtc. iVl i _ r Lc. £ jj^Lj 
Lo-A neutrino <j_ijj_jjjj j^j x IM 1 ^LiSjl jUt (jljxlvJLi ' q l~^ <Ja-..ul^j cjVGL*-]I 
Laut,L.jj JjJJI .down quark k .1 $ II JJjXJIj up quark j_cL^J dJ^UI 
u ji - ° ^ j- j - L l- ' i- I I .^IjJJI ^j-Lt (jjj^l^JI 13.7 j 8.7 ^jj ^VuLa_j 

s * 

(Strange quark yj^l' dJj£Jlj charm quark Jj^I djIjUl Ua ‘Gj^Gj 
^ jjllll Ijj-tGj .^Ijlll (Jjjjjill 300j 3000 ^jj LaALijj ^Ijill 

^1995 jaLc. ( ^ it. ~ *7 (_^jJI) top quark S jjjJI dljl^j^ l a a 
._iVT 10j 350 ^jj <jVjL*j ^1 o.-L^a La^J j±JI bottom quark >*^11 

a j£.t ,c 11 _ ol^jIjiU 5 itlA-n II cj^Lii-iiuJI ij\ ls^ <jj_>-^[ 

. *• A \ ***-11 ^jX. I /4_al*i ^ a cJL^i — La^aX^ < 4 li >L^_JI^ 

SS *> 

^^jJI O 1 J >, Lr’fc.^j Lxj jLo ^xJaJl .oj) .1 t^i tl 4 a 1" A. a II 

x I II Jj_o ^jVi <1 jIjlJI (j-o 4-L1 j_o L^_j 4-k j ^^Q-l) CjLj jjjUV I j 

^ ^ ixt-1 iLfJI j S j-c.1— coJl oL^jl 1VI) oL^jl^SUI^ 

*• i** •* «• •*• ji 

(ialj < ~^'j I^JJ .SjLoll <LujJl 1I Jj-o Jjj-O VI CjV-jL*JI 

Ijl^J jjl id iii V jjiJ f j>i^JI (j-o <111111 j <ulUI (JjIIjLiJI Jjoa j (j! jJ->j 
J j-O <GI (5>l-au l_ti. <>i H t-W- 4 • f ’(_y-l (J^J 1 U ' " <-0-1 (jV (til 111 

.^xj _5_ds I it J^JI (3 j1j (jl (J A~ ^ A II 



Lj 4 Ij-Aj (j-o $ 1-il w i 'i*s l j 2)VI >=«-J j»j 

.*.- ' — - » . ■• ^ * It* r* A j t\ \ I ^ J ^ a * I l! H 1~ lllV l*l|jf. < d ~ I 4 -L.-S.M A -V i,u* 

l^> ^yLi jj| JI^aVI ^J-iaa J).a A-I jJLs <(J-k-l4 .1I 4-iL^-i (j-o LljljJLsl 

oLj Jo A ^ (j ijJ La (J^ L> jiJ jO. (j 'll jl < >'j-^~H <lj) .til j »_(jjV P-Lalc. 

(2)^-1 < a Jul i_o olSjl j< I I L-fljJk—i j ^_1 . 4 _ij^l_lJI LAj m*l t j! 1 (j or.j"t (_jl (j^J 

^LJ <LJL=l i&-0L.Lj (JiS (j-a 4 j_jllo-o L^_j| ^1 J^jju dlljj <AJ l-d-iLa 

a jJL ~l I xa (j-s jjjj <secondary JjjjLi ^j-° Ljsjjl=lj <j[ 

JSS ^ 

.positivis 4 .u.iA jJI ^yJl Sj j£. jLi (jjJ 1 fll-L I Ij-Aj <(jjjjljjjJI al ra-~L tljjJI 

(jj 4 1 j » *. a II ,-‘l‘sjl^ < \ II (jl_> ~ *»■ I «*»~ * l_d_>V < 4 _olj-A 'I J < 4 _»lj Ll A 4 -ij-L-JI 

jLjjl £_a jv^il jVi <llj | jj (Ji.jli Lo^ <cil^jljill (jjj aJjj-<iJl a^jill (j^ < l^-i, 1c. j_u<_i 
1. Aj .(jAij i Ifl «~l* > jLaljVI (jj> £jjLflVI (j-a 4 jjJl (j- 5 La.~u (jlfi (j-°J <<iLuxaJt 
jL.4~lc.V1 LLlLc. /j i » ~ i (_J_g_fl !Laj j L)La_>jJI (j-° O^ - L^-lIc. I I jijc. (jLi 
LAjLlIcLi Sj-a .". .A Pj I *■>«<* Cjl Jjjj ^ j I a*s 1 (| 4j J\ <JjL£ j\ j£JI J^-pL^-i 
IjJ <Uj j-fv jJ 4 i i i^-a-3 gjlaj (j a ' lj-4 j <^ la5L1I j.<h 4~ L^-j| *? 4->jLjL«.taL 
I 'd t <(jLo_iVI (j-a JoaIJI I J_d— > 1 » i~ 4 a Cu 5 > Ijlj . I_A Jj^l j-j (jLa_iVI LlxLc. (j i»~i t '44 
• JaV ■ ~ ' 4 J ^J, aJj,j'i 1 n La (J^S JjSLoaJI (j-° (jl l1a-J Laj jj <4 4 i4-> II ^_ya Li a i II 

-■I « -^>1 I4J oLjj) i^^iJI ^j-o «Lai ^jl ^.A 1 La I. \*\ A^ 

<<ulLL^ in ft II ^ *1 m a II L^-»l < l^jLu!lLq 

CjL^^qJI a j A 4 ^- Ia s La J . Lfl-t 4 1*1 1 V A c-^_jJu .a \ jJLdixJI 6^.fl.JI ^ 4>-»l 

^j| . CjLj s JJ s _^jJI Lh° <Ja-Lul^J ^yTiH \ S Lfl iAa \ i^XA^oJI 

$ * 

. isU-aiA 


LjLfl 6^> ia g^a Ctl n\ <<i^ II ^jl .*L>La^JI La-J Lla \->-u s L\ 4 c)^ 

Hi 

<-Jjlo£. CjLjjJ^j ia_uajj Lij^j Ijj^ jj Li <JLjjli _ l_A JJX, 

L)l jil ,<LL^_iiaJI <Ual Mil II ^ A IjJ ^IjUh Jlj)-* Lo — 




4 -i-m. vklji S jail oli j>j jAll 6 IL <■ ual -vll Zj W 

a . Jjh^ . < La i a ^ II 5JLuu^_aJI .***1 a * ... ^ 1 1 <i c I ~ A. a ^ 

‘idlK oljj^^^J-JI (_J-di J SlaAS P^ ml <LfiiLa_o l_A^a.j uji-jjJ-ojill £ * 

1 -lajjl ^ylJI CjLijj^Jlj CiljjJ-ojiJI LXJ&~> L$ ‘J-^aVI jAj 

Pjj-jI j-$_fi Ij-A q ia> (jl *? i .' i p^j-ujJ <L&llLa^o 6 j_a.j J j .'v -n jj-A (jA-» ' i 

.iUSJI iULuijJI > ^ 

Ij-A 4 >*>» ■ IjLa Ljjjl Ijl 4-il J-u .JLaJI jJb lift (j^J LiJ jJjj 

^jl ‘ ° (33^3 ‘J k*' *'* " (J-^a-S-ll Ij-A jjljjr. ^i\ Sj j-*-ll I *i > I f <. tjk t i 

e * * 

S OJ) n~i * " ‘ J I j .Lij-uls Ixa.jTj 6 j*v ' » ' Q~ ’’ Ljj| Jj-i-i LaJ ^ I AC. jt- 0 -aJ tjUa? jJiLijJi 

^ s * 

V (jl pi i ml (jjj CjLijl-C. jLa-»l (j-° j-laLUJI Lf-> (j's n"_l <LjjJsiil 4 jLj_SJ 

iM ^ ✓* 3 3 

^j-o^ >( a_jj-o 4 _jl <^_LcVl ^j-o ^ (jl wiifi <1 ^ \ i > <j 5 iLc 

.(12-6 J^-Uf 11^ l mJ-u-iQ ^JwLlJ (^jJ.VlA,ll (_£j-^l 

JJfcl hia! Lkrw ( ujX (J^» lj_A <jl ^ . ^xii.\ aii o ^Jl Jj % J uA^-o 

La-o_j .(jjJLi J % \ ^Jl Jj) C 5 ^ Cr LaJ^ Uj *-u-> oU (* v « \ I I 

^3 4 % ^ 

pLi_uji ^tLiJI cjLlLox. ^.v w *> t cIh^ ctlJj ^.a Ljj-c Lm^ 

. L^Juj V (jl Lj^aLLs jdu 


4 I Q > 4-i. > .till I | J ^ j lr> LIaI -1 2-6 j£-adl 

I.a.AJj ^.1 -U >~ j-a j_i£. JjuJI ^ iK.it. <il -<J 

La^J>L \ nQ ifl (j! n J ^^^J-uu-a^ LjJtUs ^^.VLj 

^_A (jljLaVl pL^aJ J^l ^ p ina I jiaLo 



Q8UQ6 ulII ^L\:J1 ^luj < » u. la II ^g_fl j,ta\ 1.1 <CLsV Sj)-t ft ^ 4 a a_lj <Loj 

*« -* -9 ^ o ^ 

i_>LidLuV Sj .>» n Jl ^jx.j <La-tj_oJl i j <liaj^J 1 <j-a_aijJI ajjk oj.n~if.l sij symnn6try 
CjI ' ~'_i~> mil JiLa. <jJLt uLjiJtj pi a ' jj.lt>. II jL>j_>xJ n j mi q\ jJa-S lilljj < j i -> 'jla 
.char JLaaJI j stranQsnass ijl^JLlI JlLo pi a ml LajL^IxIj < «m*JI 



(( li tii ijILaJI < ■%" a II (jj » Jj-a CjI j n i n* jLaic.1 (j- 0 Jj^lo CaSj (Jj-S dJjj 

^.K UH ol ^UUlJI 3-0 jjb .interediate vector boson 

3 ' *v (5^-3 j Ut J| I, dJj £-°j .Lg_LLal— djf cj 3 “ ' ‘Sjj « I I 

.6 ^jsJI 3 aoI 3^ ■ ' a*> 11 : a ^ i ^ Ul jj <jV d i i mfli 1 

(j-lb UJ>^y <JjLa-° es-ll SJjaJI Lulr. (*4^ 

' ' # - * 

<phase Uj^L ^ <<-* -^l a. <la.jAll <JloU .wavefuction <JIJI <Lfl=>. 

1_1_A I iti ... j , a *.K 1 1 JjLS ^jLijJlS _>jI vlliiJ 33^t? 3^ LXS^ ^ * > 3 ^ <\J ££^11 

<Lta.^aJI <JljJl ‘LaaS £-J>° 3^ <L£jL— Lf^ <UaLJI (j-* 

Ijj ■■•a*. < 1 (LlljJI jJjJjij 1 jj^ /> ' Ijj <J-a-Al <J j Arv jJI j-t> 

j t i " II y-1 J i ill *i « II £ya 3j^ ‘ * . A-uaA i 1 » , t ^-° ^ 3 >J 3I “Ulajjdu 

w, I P) 1 Aj . ... a. I -w~ l ‘Uv^-oJJ ^b “da-ujl^-i 3-dia (vj. ui^ I 4 a -Aj^a-ll <JljJI 

gauge (^jL-c Jjj-aJj ^^Ic. JULo 4 -LjjJoJI sdfj jj-L-il 3l -^ 2 *(13-6 

jJ dll dJj o^j ^ (j-LUill ^LdJI cAA^c. ^jl^I aIa j .transformation 

o ** ■»' 

4 Ss\ ^ \ Q li CjLujLiUI ( 3-0 0-S^)-C- LoJ (J din ^J1 % tii \\ (J^Lk O aS\xiC.\ 

Cul S> lal Lo < Q *« <Li^.^-oJI <JljJI (^J^ V <«U^.j-oJI illdJI (.5-^ * cr^O 

Jl 0 iM ^ 0 £ 

(jLi (^-5 jj <-aj^.^- 0 iJlj J^ia L ^-i-C tjlj .V 1 1 a 4AJ C l 1 a 3 

^1 cjL^. j-oJI £} A *y (jV Cx5^ W ^ 1 d Iuaj <JjLjl-o 

<lex±u\ji (^jLaJI (jl SjUxj j ‘Lukil (_5-A Lfj 

Ctl t I ft * II (j-o 5 >-ojJI 6J-A ^ o ixt \ <J * \.%.\^j_iTi <JjLji_oJ ^JaLxd CxjLj jlj_5_o 

lili-A-a* <U(1) . 360 ^ 0 ^3 -lj ^ S j Jjj < i _ iL^fcba. II 

6 j-ojJI » 6jLi£. (j[ Ijgjlr. \j]a iaSJi Swi^.1^ ^ <LoIl 1 a a i \ 

(J-a jjLj ^ lr. Lljj-i-5 ^1 S jLiii^U j I c> *4ij 1 « U ( 1 0 <_jjJqLul1I 

\ a ^l_» < 4^. ,^_o ^^la ^_A * iuj j 

i4 H (_J-S < (^ c - UOJ .6^ <Lo^a£. JJJAj ^ \>J (12) 

^ “ “ * Jl ~ “ tf 

. UJd J ^Ul iJL > j^I 3 ^ JlSljl ‘ 1 ■ ■ ■ aUk-jl helices 3^-° <Sdia-0 4-^k.^Q 3 ^j *4 

4 . ,a! >j \\ ^a^uJI ^jl a .^(^dabl 3) « Unitary » 3- 0 3 j^^ i— s^aJl ^_j-a <1 a >1 >«> La^ <U 3! (13) 

JAoj Ladle. 4 flk-A r' V J <5^1^-° CjLoa-ca^JI ytj <j >£11 ^jILxLeJI ^_y0 






Ui .JjIL ■■■-»- l 4 > > j a ll <JLJ| j-LaJI U > . 4 _>jLjl«J 1 cj ^L> j 1 1 ^Jj*> .1 3-6 <LJ1 

<K 

Jjl ^ ^_fl J . V 0-1 1 ^uiuLi La ) J_i Jjlj J.XC 4 _L^k.^-oJI <JljJl jjJlL v*C Jj t t > Q ^-1 fl mil K-i-x.y aJI 

<J I jJI amplitude <i>. m L>1 j jjJu LajL^L > >1 &LaJi! ^J^La 1 yu'cl 


* ■ <<.-w II jus CjLo ^la-cJI j-a'i Jp\~ 4. >-w ^oJI <JljJI ^ Ij-A A ■y ui j >»** < V 4 >->. jaH 


.jkUyjU jla La 3 jU ^ 


1 xu 4 < Q l"t k n II JaLLlJI >lk.t-» jl j*S a_» (jg jl I * II J-JJ -will jLi <Laj-aX.j 

t aiTi-^-n jl,iiaj <t_La.^aJI <JljJI jjla JjJAj I T^-n l <(_gjja.l CtLaJSjj < < 4 Ilk o 

“ 5 * 

* 

jJlxjJ jj-.li <JjLauo j-a ■ ■ lUVtj iiiUj J-aJLj Lij| i _^o j" i \ I .^14-6 J’N.iIill^ <llnfl‘i 
L jLi£. 5j i iZ.a'J <JjLa_aJI jj'C'i (jl >_iLLi-~i.'i Ljjl t j-i. y i. 7 i jjJ 1 j H -» 


— * J X Q " * “ * I j_ 4 j <U(1) Sj-ajJI oL-La-c j_*_. gauge invariant 

j-« -J j$ 4 , jjJJ (jVlj .«Lkij (ji jjiaJI (^-i <- 4 .L ~ i A -o CiLa-Ljjl 

. <Jjl 3tn.ll jkJ JLkj| (jJI j -^1 ~t t jjaj LjtX.’VI ^.iu II I.I 4 -I jjjLi*Jl joijMJI 

(jli . jjjl£J)/l (j-* < J mjM ~ i i a j^. Zjl jj] f(j_at^J -LaJI IdAj 

* 

(ji ^ ^ a > ^ \aaJI I.Vj ij .4j-mjJaljJ> 6 jA J J~t.J ^jJkxua (_gjt.tJL.ll J LJ I jUi i. tllalt a 


• j_ajJL) jJatkiJl a .Sj5 J j -yj 1 Q~ jiaLjjJI Cl! illaka 


jJaljjJl ■-■! ‘1 Sj-oj d ^ ui 1 jj_u J jj_4j <JjLs-aJ (g jl 1 » II J ii OUI jl Lj-ilj 

jl i_i% I (_gjjl Jlj tttll j <<»<(■ t lol.t i tij^S Zj£ » 1 ,U(1) Lftllta ml (_^jJI 

LLaj Jjk t(_g | S^gjliaiJI jaajjU 1 .iA.il ^gj^-VI (g__ji!l (J^k ’.jJb lilAJ ^jJj j»»‘ 

jl t-ti-TwJ Ctl a * II <Li^.^aJl Jl jjJI (^Jl ^ a .aL ,-,lj > .i~ JLkj Sja» a Jck ^JLtjia 





I fl 1~> J «.\l o^v t 4-1^ ,^-C.l ^jLa£. ^-Luaj| Uln~k ft, II I j_A LlJjLah. .1 4”G j£i£i II 

La^) (£j^ (j-^i y 3 c, \jjlxi Jlill <jjlj ui-fl -t£>^ 6 ^ 

juiVi J^° 3 ^ J/i<r*ll \ \!ft <«i.> ■(^ i> * (J ^ i mI I 3 jl ^- 6 

3-& JaAjJI I j-A 3-° ^>-i-*-j3Ul 3! .Ijft’i .cu-ft jjjAJuj-ll 3j^ UAJ f^LojJI (J ^3 ' jIjSaII 

.5^5 Jj^-j ^ 3 1 “> ...4 j 


J ^ s + 

1 (j j| ^ 1 f 1 ^ -ft ^ Q 3;*^ ^ * 4 i ol _lA 1 \ -v. l ^3 7^3 *— 1 1 In* i j_i_aJlj 3x3"^ L^_3VjL*-o c Lo_i 

^^Lll ^)! V <JjL=>-aJI aj-4 (_j.fi ^LajJI ‘l^^^fiJI (j-« 

s* s* 


^ M ■ .. li ' ■ f j <(1933 |klt SJj) S. Weinberg liljjjjlj (j i >~i-m j^aji ai! 

jJLJI Ijji (1932 f U jJj) S. Glashow j_i^ ^ala-ij 41996-1926) 
^ jj) a‘i II (_jJ| j* 3 .1 af. (_£j|j <1973 jklx. 4fl >.« <Allj 4 1 < 1.1 ,Jr>i ta-a^^jX II (jjjjiL! 

ciL xLaj>JI bj-aj g! ' * I' -*• (Jji ifi.a.11 <Sj^.ja 1 I (_gj) fi 1 1 standard model (s^- ->.*-a.Jl 
a^JLl! cij-ojI (_^jJI U ( 1 ) <jj l-il Vi.ll j! ~il ^j_a La jj*\~ il (_^jJI <* *j LI ‘1 ~ II 

(_jJl <SU(2) * , ,.~ ,-.M ■ * 1 1 Ij 1 fi » ~i L) (_gjj2k.\ <Lfc j a a <4 « ...'Ll Lx 0 < II 


jLaJjl 4 > II ol ^klTJI Sj-aj Ul>^ 4 fi t fi -w j .4 fi tj iAII Sjill (j<C- 4jj^ «>.n II 

(> ^>.-,11 J l m '\ > <U(1 )xSU(2) 4»_>^IL, 4 ^Ul <SU(2)5 U(1) 

4 i \ iti t 5 (_j-ll a a j. I <i a « » ,j **a ^ ^ H S_jaJl I jg -wj I a ^ *il I i ■*■ r> M .-^i 

i -» 

4jjj (Jjji 4 A ^ u -tl a l l a 6 ^fiJIj Ii— i a^ a ll JLa 4.fi_ia^?i_ > ^JI a jiJLs :i_i» < \ a II 
ufi^ a II J jf. (J o I a iu Li j j ^_A dan .All 6 ^ a 1j) <i_x3L^LaU aa.l_j <_|_ 2 I. J)~ > 

S* " 

. <ulLL^ cjLaLaJaL* 

<#= ^ 

PJ i » > 4-J^lkjJI 3)-° U(1) ^-»41 ft II i_t 1-UA < /4 Q i» li Sjj Q H \ \ Jj£j 

4 ^ aJLttJI CjLj ol a LmA pj) iti t u i nn< S U (2) Lol . Cjlj ^3 



Z ^ ft U 4 J) W (jj ft 1 lin ^ <UJjaJI » 4 L ,.,J1 a i l 

Si! 

cr^ <L ^ ‘1 j»_ijJjJI OujVI Cil a 1 «<i-k II aj-A ^ i flO j . ? I. » a ^ 

^j_>l ~ 1 ti *> il (jLS I fl,,\.‘>-f. 1 905 ^Lc. Zu-4>AJI > k JuJv^l j_5j .<_> jLix. cjLjj 
W ciLoj-uiaJI Lai ‘.(7 (J-u-xflll^ photoelectric JjjlLoJI ^ jm 

CERN (jjj-tu m.n LaI_>o. 1 ^iJI l-ijL-^ " II J^Li. 1983 ^lx Ci4 1 tit’s! jjLs Zj 

» ( 

<<lLoI^ J o < ~*~ n J U JoiLlj Li£ " <-ijl 1 x II ol j-laLilll <jLs 

W j\ x *‘iy H (j| jl lij t iK — Zj W CjLa-i-i^aJJ j !**% j <_i i m.> 

Zj_JJ_J^>-*-II 4 l~l*S Zj-° Z » 1 ■■■•>- II 4 <Sj-a Z) i 'll ■a* Zl3*J.>^ 4-l*t^ Z) -0 

Zj-tril Vi l Vi it 1 <1 i a Sic Ljjj La^j .Zj^JJjiJJ 4 1*1*% Jja. V Z)^^ <J~* ~ * '-^° Z).** IM ~ 
ZjjLiUI Z)M (JjJ-^-L! j 1 1 t-o-aJI J.1^1 Vi II j *ZlJ) iSOSpifl liaaJI 

jL^I .cj! « > .in ■> II jt-.l *■" _j in's i (JxLaj 4,-v iV> Jjj ~kj Zj> ' >j Jj-S 

Higgs j!v!t JJLa. u *** * ,>^1 (3^ t -0 ~^-3 W oLaxmaJI (JxLij j^JI Ija *r> II 
‘-ijLxkl ^1 zu_>jjfjJlj Zlhx^ L > ~ < _ s _fl z>jL»jJI ^ « l*i a liUjj <field 

SjLoJI i ii inYsl y\ la <jJI Lo^-lcLij 

<4 ^ ti-tii a 4-Jl ssj ‘ 1 ^ (gjJI (1929 j^lx. P. Higgs 

F. Englert j >K*it lj) . niljij R. Brout jjj j_u J ls Zj-° <4ajL u JI ^jc J^ i~» i » L> 
^_a Jx. till U IjJ <4 a a*\.a Z)^-® .1964 ^lx J i .i*\jj-i 4 » al Z)- 0 

‘+- *K n II J a « H . — .1 a » ...■%■ _»_£> ^LcLij <4 4 i 8 II \ xj £ “ i i J»- a j^- < d l J a ->■ II 

Sjij UkA$->^' LS^C 4 4^ n I fi jJ^Ulil .oljjjjiJI J-&J 

S '4* ' 

. 14 . 1 . L l< jJl z^°j L4^®^° 11 a j lt^ Z>-“ 

J i*C a~ II Ll'il K «h ZjV < j iiA , j-S Sj^ajLaJI -.1 a . ...^. II Lxj^Aj e-^. . Jl 

- ” s ^ 

CiLa>^JL> 4 _SjSLo L^jt-i <j£.lA CjI a ^jAjuH (Ji^ 1 Plants Cit-a^ 

s " 

W II c-il iiit^l 4 "n <~i ~i ,11 ZxJ^J . 4 a 1 1 1 II oj^JI pi ti -1 1 1 j ^Ic 4jjli~ a 

#* # 

.4 *> a Pi > 4 j ■ ».ii*^i V ZiJ 4 ^All Z^J ! 4 .t>^ Z j 


K> 

j ^-ic 4 1 ’X i_j| ml^lj jPil it II jl .ii<iV j > ...a~ll Ijjt 




fj\j % Juuij \ my II 6 dA J -^.1 A ul ftj no 

^_Lc Id-^. > M> a t Jim ij j_Aj L$J (J^ 1 *-^ J*^ * A jLa-i-m^ <jl <Jj^[l .ld$J 

^ iA" Q*> ^!Lll j U l \*\ II g.'^Tk jl dJLlj CjI e\ \ tuy 11 ^_AjLjj_i_fl 

^ * * * 5 

d-> V dfidlxi <4 a.-^JI dlfc Ci.'N-i^> I jlj .Id^. 4 -jjjS 4iu*-tAJIj j j 4 1 Ljjuq j^J 1 ( jj2 jjfiJI 

(j-a <ldJ < Lll< ijjLuJI jA 3t ) ^c. j a 1 j-lal il H jLuu^jV ^JIJI j-o 

jl \\ Id-A ^]S ^ <J^-a <L* cX3^f cl)’ ( 5 jjj - « AJ I 

<***■ 1 Ai * Ijjj .Ijj^J-a P-^—mJi Id-A <J_k«o ( — * ^ * t-OJjj . <( m^l % a il ^Ul^k.ll 

^j-xu-o £<jl ^ t~i*i i-u-i |jJ ^j| 4-a.jJ I Sj-Li^ j^-lA C.A a I m ^k jjSLi jl <dUj 

,~.l /. . ... -v II pl_)j_i_s ,-. Jl f (j^j Ij-A .1 j ' Ic. jj “i » II 4-^MJI <il-kJl £ jJ-i (Y’ii'l 
(_jjJI Fermilab j^LVIj <CERN Loju^I _ (jxc.j m - c ^jjJoj la II a Jajjj 
. j5» > ft cj! a * (j£. (jJ^-l 4 1 II a a * II ^.45^ iSUo lilul _ j <~ I <~ >_>_>£. ^JLi 

of-*-* i>J (jjj «' j,p-*JI cSJ ■* " < '-° cr^J 

djlioL) (jj£j (jl (J-°L$ .ijua-*l 1^-a.jLttj jj-0 (J-® _>^»jJI SjLtl CjI nj ni-y l | 

> ^ 

• <j (JJjLLi SjLoJj . jJS^aj! I *« a J ° ■ I uJl! <.*•■->. ill |jjt <xo-Al Jljjl 


4 JJ 5 .^jl I » H jJaLijJJ 1 -iA il Sj ij -itiJI Sjill (jl (j 1 1 " jjJ 

(j-o L/^al -v Lc. <4,^ .5^*1 ,11 j^yJI 4il.,^l (i-*.l l~i n" CjL^jI ^ jiJI (jl ia-^^Lj <4jl_aJI 
• Cjlj J) > K II JjLlj <1 U ■ "Ij ■ » ' ,n_o I (j iA « ) J <* I II (j-» I ^ ~'^ 4-lja^iJI 

^ fl-^ l ulij ftiijljJI «<j_jill Cil't^t <till» 6JJk (j-o (^1 cJ^LLol (JjIj^ (JSJ (j^n IJ 

jjJJ .Colour Lj jJ pi *1 ^ <t> H 6d-A 4 j A un JJJ ■ AXL * jj 0 * Q ^ 

1 ..^ Aj . 4_» jli\ A'x^k tnll ^Jl SjL^^LI 4 t M <_S_ijJa Jj^k a <j| ^ i Q ^k II v A 

CjljLaoaVI (J^j .pL5jj jl <frlj ji e-lj-o^k d5 dljljil <-ijjJJ 1 <\^k.mll jL5 

cjljL=-jlj ((jjjJij) 1 1 ll^j <(jjJjj_)jJI > sJj-j ^JLlI cjLJijLiJI) ol-^jlj^JJ 4 _sjj_*_oJI 

Lpl :((pl-.«o I t)> ^_A (oLi j)-iJ.<JI (j jij (Sjl <A fl II CjL^ jl ^Jl J-a CiL^jl j-^JI 

<jj^J 41a. ni u iyTi (jl (jjJ <K(j4aLjJI)) 4lo 0JJJ (_f-*J^ ol la .till jyi iajjLa. 





j-. A- ^VIj £^-4 jJL»JI (j A 1 1 VI jjjiil £x£ <J-*- a diLaj 

■ (14) V«ji^11 jjjVt j 

(jl jJl Ljj-aC- Idl .^jUJt jlril '"ill ^a dhtit It./!*! ^J| jjjl (JftTl'l ill 

j i ii~l a^-dLfC all d?»-i LliLfi <j^.T jj-IJ <jtia (j-° (jljJVl a <4 \ j j n ‘CSj^J®- 1 

jjJo £ya Vd-i jj- 4 i^a-id (iiliLj 4_aj 4-ll_iJI ad-A ^^dj 4 ■ * 11 illdll jjjJea 

* 

qjJb S^>-aJ)JJj ^ i in t t-il 'i 4 aj^XH ajdU U(1) 4-lis-i_ui_JI 5j_aJjJI ^j-a Vd-i_j .J^-Ij) 
fS^ajJI ^d _) U 'i II I ~> 1 1 c <^l i la , it f.] jj-A jjj-ll 4 4 n i A II 5j)4 1 1 SU(2) ^Lili d4r1 

(jSJ -SU(3) 5l <i mall <-i^)J->l ~i~ II ilAa ln » I I a_>-a j ^^-Aj <lj-tl> £ d 4f 1 ^_A ^JLll 

> ^ 

I j-A JJL_j ij \ \x\ 1$ Zails Ci$ jLjl-oJI JJcu <j| Lu1^> 1 a \\ a 

£ _ * 

<Jjl t c\ II ^Jl LiiU /l jiSi > ^-A jJI *<_£ 

tiLlj ^Jl *- a .At .a li,j in H ol-i-i-AaL^. ^jn A i ^Lo^l J ^ 1 1^ . S^j-S JIaj 

^_fl <L^jl m ft II ^jX It 4-t^l I 31 II J1 fij^jLj] &J_A A^i I Aj-l r, 

^jX. . .. a U _ Spin-1 — 1 i^uCLII wjl J <QlUI 4 a aUjlJI ol a. uua II — lIj V jLjlaJI 

* 

(jl i <jJL5 ^ j-j LLa j !cjLj j) j K 11 ^_a _ 4i j 1 a 1 1 J-2j 

La jVuAidQ r> < 6 j-aJl 6 j-A ^ jJl _ <x^iaU 11 jUlV> 

• SjA 4JiL d^. J^a.j (^1 - 

LlL^-j lj| <Lj| Jii-i.?'— > ^-jl i » A ^ a ~i'i i ii <1 ^^jAj^kJI (jVl L> j I c. i_ > -s - j 

0 ^ * - 
^jUI \ ^ ^ A_^w j J \ \ \\ fl ^cdlj-A a 11 (J-^-^JI 

*> ** 

/jt^C-a ^a CljLj jjd^JI j ~-l \j‘*_‘l II ■' '*yj* j t La^-AJil yi Laj /X. \ » t Ai II Jj 4 4 K II 
6^-0 Ljd-iijj J ul '.* II ijj$!:> (jl J rt~w%-ft II (j-a IdA .CiLjljJ-aJl 44 >,K (j-a d^-l j 
ljlS\ (jl jL^Ja| q iijJoLlj Cal _i 1 a f . j ^jl—i J_S_jjJI t *i i*\ a 

ifj Ijlj .ad^l J a ^dJ 4 a l~ A. a i j-. a A_A j ^_A 4 4 n i Ajj*\ll ^Jj)4 llj) S.Udnill 
j-a-Sfl j | ^_ij_a La-Ad4»-1 i i ' j j(jd_i i_i J*a a ^j-a V J-i t^JLdlj 4 i i jiu. i ^jd 

■*•' « *j " j J ^ ' ^jdJI tn. 1 1 1 II JJ l"i /i yjt Id i 4d-' j_Xl J£_i ^d ^ ^ a t^jaid m a 

J ir . ^ Vlj j-aa».VI jlijjjl Sj^ai.1 oLdLi ^jJx. Sjjaa._$^JI 1 i.i t ll jl>aJl yl^JI (14) 
.^A-LdVl L) L ^ 1 1 IddU I 1 « jj£-J 



_}JsLljO ^_t jl Cl! uu j) u i 4.V<J < jJaLjua. II (jA » i ^_8 .~.l .... t ... /ij 

Lv.ia.^ ^^aIIaa JJ-A JI*C mVI J^S 

grand unified theory ^.akj.ll slLj-JI ii^kiJI ^...A 

lA^ l r* lt^ <>° tj^-HP-° <j**^ uM ‘u^ lA-^J -(GUT) 

^ _fi fi ^ £ fi & 

4 . 1 -t^j ^ If- ,_, jUjJI AC.I— ..-Oj . <.ai. 1 A.fl CiLa^IjisI Sac. JJ_aaJI lj_A !j£ j*.A 8 j <ljhl »~i 

,. O „ * 

<Sklo 5 jj_tiiAk_a Cjlj ' 1 ' J Cilftjl jill CjjIS 111 < jlj- a .8 . <aaj-4jj 1 'm jLuaVI 

“LaJi-S <4_LLLi_a ^LsLLo . £_» 6Jjjaj_o i ~ > >1 <jl J« ,i CiLil >x-aJI A 8 ,i J (jj> S_1 _aI j 

« *>< 4~t 1 1 (_jJI J-S til ‘cjj-H^-li (j t-J JLila.1 

^LoAjl ^.a <SU(5) sLq-luaII <^_>j£JI 5j-ojJJ jLil^. fi.iii j| (jl 

<4 a i » .A II 5 j-SJIj <3jL»jujiJI 5 j.5.11 ajjLaull U(1)j SU(2)j SU(3) ^_oj_Ll 

10 27 (jfJ £-Aj j-aX. JjJa (2)1 <i_»jjpJI (j-it (ii-uijJoLli-oj^JI 

.<j_Lu 1 0 22 (jj> i— ljj- 5 Ij-A J AJL Jl Jj-la (jl (j I I~1 I_ijl ^ ~i It (j) J_1_> .4 'i III 10 31 j 
IjJ <^jjla ^j£. 4 _i j_LaLtO 3 ^j_a^ r. y ol jLijJI laum j l (jl i fll^)_a— J V i IjA j \ iti jj 

^-8 J.LJ^ >-Gti 4_ajj^ jj-oLjj-aJI q ^ t Ijlj .jJLc.1 4_ujIjJ (jVI 

JjA -v a II j-a_*JI (j^5>.taji,8 < ^ pi a ,1 * 11 4_i >_8 ~' > (^jJI J jl 8 ~> II jkA._>j <dJJj 

,Aj_o Ij-Aj <(J->j) A II (_^J-aJI (_^-l-C. A II 3» II J ' 8~> jl n a 5,.\ i » i jLjl (j^jj_)jJJ 

.8 j i-^.all , ^ j 4-1 jl v >‘i in 

(jjl jjj JJ-A j iCjGjjO^JIj ola J.~L > ,1,11 (j-a CjG^j-o^-iJI jj-a I *i~ 8 )A ~v (j^jiju 

CjI at III-N II 1 j it ^ It* iClI-jjj^a-U J ~{iU I -iA i| lilllA X w l J < t U \ a ^8 a -^ ~ I I ^J| 
& & £ /• 

^ a >u"ij ^ Lx-o CjLj ^J lJl iJl^^JI 

6^Ja j-AI-U n ^_4 6 J-A . aJI * CjLjj) t CjLc. j) * ^ *■ ^ 4J4UI 

Cr* G> ^ ,_ji liA^b j A^At iijJaLxlJI CjL.l1.aaJJ 5^-oJ) j^yLci.1 .6J-IA.J 

<_m •v t Lo 1 \ \ iti Jjj-J - J-Icl j ^ •%. aA 1 j In m JJaJLo _ Jj ^ a II ^ l^kljJI pLA^JI 

4 _LAJj^aJj CjLaIjjaI 4 _aj j-A .1 4 -a . ^1 \j . aj a J^aIj * 0 a. j_ij j>h 

mi l pi JAJt Xa ^ .u . a 6 JaI .t.al ^ ^ ( 15 ) 

http://www.georgehart.com/virtual polyhedra/vp.html. 




supersymmetry group jiUll dj S j_ajJI & 1 a Jla jl UjLLa SjSIJj 

ojJJi <jjjj-« ‘ujo^l - "O uj^? A^e-j- 0 

ilj^.1 jj-a Jj ^ <£_j.lsdl_ij (-^ m I I a I " a a L$_^.j - ,j_jj j-fi < j; jLj-C 

(JjJjJI jSJ / -■! /> i . “ 1 1 1 , ' ^ <" jj l C~ r, J-X J) i u i ii I jlaLijJI jl„u& ll ijja ' _ . 

' ^ ****** - 

<4 tYW & ^>1 -t-uT^I gJL*J» l i \\ lJjju < iKAJI clj 

Ij^j .tj^LilLo olj in s 4.i"i5Lll 4 a jJjcJI oLo-i-faa^JLa j^xJb pi o \ m ~\ 

oU> j > J^_aL5L*i 11 ^)Li— i-j supersymmetry 4_H ^Jol w 11 ^ *t 

(£j\ cw-uA-y 11^ L^A juaI 11 J >~\*i m o II £-juuoj J* J*t* i <CjLj 

.jLiloL > J^jUJI ^JoLlIiil^ i J jaIAj ^iaLllJI .I aaJ ^j 1* i.itf 1* i 

^ > _# ^ o ^ 

6^J . I (j ~i > o ikl ^ l<~- 4_i jJs cljLoi jv a a i ^ j a <Sj*\ 8 II a jjfc > a iti,*\il iii.*i j 1 **■ -j 
(_£jj f*l£j-ujl f-*}f j_A (jl . 4-8 « .. a j| 0 I 0.1 <<i>- 1-1 ^jLaj Jjjk^j LlAjI 1 i’>~>~ 4-1 jiVJl 

,-.l ~. j j ~ < I f„ l l ^ ^jJI supersymmetric prtners JjLsJI j-tLuJI 

oL; s^LlIj sneutrinos cUjjV.j In II j squarks olSjlj^i.ll j <selectrons 

> a 1 ~ a. ~ <gluinos oLLj>I<LI! j <Zinos cl ^j_ijJI j <Winas cl,>L>ll j <photinos 

^Li IjJ .spin ji-ijilJI (j-o ^ ' -v j >_9 1 i IJ|.A i 1.4-~> II ^c. l^JUAa 

# ^ ^ 

III i La_^jl £y±l j-SJ j <Li^i-ua -u*J 

5 Lol ^-A ^jLxJI Sol n \ 111 % 11 6uLA 

jjx. ljjk.Lt p j III n (JjLjJi ^ ^ 1 8 ** W"il <(jJoLilJI JSU 

# ' yt £ -P 

<<-i «^~ a* . ..~ JLojJI J^j) ' ~ ~ oj^ Ijl i‘l s 1 < ja-> ■ 'i ^-k 1 1 jjk.1 V .Lg-TfcUM 

^-aj .jJotjjJI (jjti (j-aj <lj^. (J-UJ. jJL*JI jLi jL5~tVI l^ljj (j 

«■ I « II ^.a <1 jl n a j ^jJk jLSjtVLa <dJJj 


LiiJjkl .I4J i > l~ al^) a Jjljw 1 g uAjkV Lajjj "I Q ~* d I J ■" 1-Lilt 4 a (j a 4 I* 1 111 aJt 4 _a_i 
,ji (_I. i Ui II J jAJ ^Llll j SS jl u -1 a II SjLJI ^ If SjLaJI j a 1 j ,Ti IjLaJ : 

jjj j i >*k jJl 5 J ^j_4 i ■«..<!! La ' . *• ■ 11 > ll^j ScLj^-U^iJI j -0 O^Lltc Aj~vj 




^ ^ ^ 

1 n 1 % j ic. jLk-o S ilUUI jj-kj IjIaJ :^J jJI j S<L^jjLujVI cj! ,ai <m-aJI 

^laLg 4 ll in V I 6dJh 4j^^VI J 4 ^ J-A <^^Ji ^xoa J iajj 

SLoLoj < JjdA. jJbl SLaJIa 4.llrVi Lg-o J-oa*1 J-A SjjjlUl 

* * s * 

V 4-jV <^lll nil J-ol£ i 1 (\ \ i ft k <4,1511 < j-kl M II J SU d-3 < I k m*\ 

„ fi * 

<Gt ■ Ig- JjV J 4_ajj .Sal .AJI S jLaJlj SaLoJI ^ya 4_i jl -t.u"i.a ^jjLi_a ^£jOk-i 

■J^A |kJkJj I ■»* ... ' ^Llll -klaJ-a t^laAi .1 i«jj| jxl-v j.i'Vl j |> r I *." II ^JJ ji'iti 

I l-i i*ij-c aUj ' '« a :dJj i_i 1 -txJI I 5 -k i fi j-Xj << a . a IS ^_s . i ->-! V 

6aA ^aii (jt j a*i~k all (j -a ^^dutaJI jl j<i i jjJI ^Liis L^l^i* ,_,UII 

> ^ «* 

,_>*5a jfrxi~k II (j n< ^~ <1 iT> 1*1 ' ^_a Mils J^fcl jj.l i j .JjjSJI 4p> 1 ilril I 9 Lat Lo^J_S jK-JLall 

~ * Sr ** ? 

> ^ « 

CjLjjjj^jJI a~- Jjjij <CjIpV~o jl oLsJ Jjij Lxa Jeojjj Laja£. (_jj-ll 4 it wi^l 

4.1.1. uV I l _yz j aa II Ciljjj^- a^SS ij .^2 J . — . a 11^ SLi.~k.ll CjI i 1 a f. jk*s ~k t II 4 afl a II 
■* # * ^ ^ & £ Q 
(ji 4 i*il i ~k 4iii~kJ L^jlj mirror imago jLiik ' * n 

<1 *i"l *1 i*i Sjj^a. > _j-aJI _ JJiVI (j^ajVI (j-L^ - 4-iJLuo’V I ( _ya^j\ ~k 1 1 

* vl ^ 

ii.1 V . ^4_i_Ljt~o «i » *« a i j_LjLa_oJ Liaj 4_i jl m i ^ ^ a\ I .a . 1 loft-handsd ^ *^1 ■<■ * 

a jjlj LjJ l^ j~ a l.i n ' I a I .m j| :4l=k-i <Lial— Cx)*' ' niLla i_i i ...j i_s^jo 

CjjI— 4 Jxm ~>j i - v ~ (_yjJI 4 i ~l II p! i AVI <4 jjLjjjj 4-lv lm\ | _ya - _^a.~i. 1 JI-tiJ.'~i-‘<il 

-_ - ^ ... 1 
JJU 4 l~i '*~i j-o 4 ijl ... ■ jl 4 -l'i.i-o^I {~yLj j) a -k II a *« a i A jAa i II -4-ijl mi i 

j^yjJI pl l Mi^fl (j-° VI 4. l. *l l a 1 1 _^J ) a ~k II 4-l^)l ml Laj <|>JL»-U jk-l ^ '.V I 

aji.t V .right-handed 4 -xIajJI 4-ijij^JI Laj^^o iLvLs jlj »* ■ ~i » U-». ~ 

^ ? *> 

\ 1 1 LlflVj L»ld^ \ \ \ iti JuLK 411 L)^-l <4 ^ 11 g A <ull 

^uUil 4 *jl ... a 11 oLo-i.JI 4 -LuJ «luJI 6<ub «. .* a ii i ^jL^oVLj i a* 


■ ■ I * ... 1 <J Al ^djLal^a-^JI jj-o (Jil j <t> > II ^ > ft Jl J_JI Jl ft<*i ml Ja-tAij ^jl (16) 
JUJaVI j-w^VI ^1 j^SuJI CjL$-1VI Jj-o ^ 

^J^iaJI J a.-^.~ > v ‘LSjIIsJI JjJI J LqJlI m l CiL^-ftVl P-V^-^ j .J^xLs ^J1 jl] 

<Li_fllixJI Joj)* ts~\ 11 jui j ja ft->. 1 1 *(Jjl ~k ft Ir» mjVI ^_ain » II J*\ i ^ ,11 ^j-Lc. CjL ijjI^J 
pLLl£,| ^J| <^.LaJ1 {jL. I itu ^jj-aj.11 JjJI JLaAj_uj1 ^_A -4-^U.qH Jj»xaJ) ^jC. 

OiaaJI J^Lk ^^1^11 j'jl**” i ^Lajll 4 ~v ... a 

http ://www3 . n cb i . n I m . n i h . gov/htbi n . post/o m i m/d i s p m i m ? 1 49900 . 




✓ ^ * 7 ^ 

(jL£ lj| Lo i_ij jl.\ I 3 l*C im a I I 6 J-A (J-^ LjJ-C Llh-j Lo-oJ <jl^ 

_ 4 , < 10x1,11 (_^ui j <^j£JI (2)-* j^.1 .iS <CjL> ij ) iA» 11 

. ' CjLij .i / i » II i*ll" l^_) ni*\" jjjJI _ 4 i‘i i<ull jl d >jl ...'ll 

jJLt Slop-sided j»L^_ uxiVI 1 ^ a.~i „a « ^JL*JI <.>-‘u.i ^jJI La 

s? ** # 

<j-° LajxxojJ <LL»LS Slj-aJI ^.kj ^jJI jt*>l jI n 

^1 5^-luLlo ^Jl L£ IjJ Lo <jjJI (J^ill U J^a. * V <4 II .L^—ui^j 

4.1*1 AJb II LI a^. \l j_& 4_JtUI 4 II -n. II ^ ISjJI ^c. 1 o II .il^-o ‘Gjj-us ^Jl 

j^Lc. o-aj^. 1 ujjL^k’i II jA i ,j ^jl j .conservation of parity 

. 4jn 4 -*> *< n j-lC itLo-aJli <<L>j1j^sJI Lij^j-uCi t ]j«o Ltj »ai A ' 1957 

<c pl^a i_S^la <jl <Sl>dl 

tliLoj ^..U ^ iX- ^Ln.l-d j-JLi Lltl’Ca p % . 1 II i a j_i£. jJUJI (jl 

' ia , , *= g * 

J_j*j 1 oj ~i r 1 (j r„ ftJi ^^4 4 '.» ' 1 1— i M <Laj-aj j-U' Vt-a j»JLt .1 il 

jkJLaJI Ijl Lo (Jjill liil a I V IjJ «|»LoVI jjJI jl dj^l Laj-aj ja-ILdl lj^-i 

J > III t “tjlj 0 (j-o^^ LT^ ^ <jkLoVI ^ji\ l iLaj J I III > ‘Lilj <0 

(j * ^ a. t U , ^1 /)Li / j « . ^-.1 (_yjLiiajj <ld >■ XaJj j . > 4 1 -k. II gjJI l t ~i xi j 

» 

(jlj -4 I (j » 0 ~ > U . — I , r ‘sJ! 4 . . .. *\ » II 4 > I n X II JjLa_i < 6 ,,\ i.Xa. CjI n i m -> J^-ij*^." I 
JJJU V jJLLUll t. v j I ^\a~ II ~ IU . — ■ ^ II ,<uLzsVI CjI n i <<i-^ II Ljj)‘v_J a I <u-> II 
jilc die-reversal invariance (>.>1' 

(j-ajJI at ^ "I ^jLa } ^ola.i ..Li.-. II «c5.jj.^ (j_o JjjLa Sj i » i/-i (_y-fi ^-jl 1964 

^ ^ ^ if ^ 

<6jLi,A>oII SjLoJI^ SjUI LS_1J^ UoLujI Jo-u^-o ^ I ^ ^ , ■ t V 1 ^ ^ o 

4->l < C^JI 6J-A J^-lu ^Lxj-uj^ <(2x5^^ oU^^Ul L <t i s 

.8 J^iJI 


^J-O ^J ^.1 (J-Lc SLiaJI Cxji^ I jLfi .^jLj-oxJI jX.<.u!3 ^ ( 1 7) 

Vl ^-Lc. 5 JJL-aJI ^k^aJJI t <Lx^a j iJ~\ ~k j ^aOj VI ^-fll mall ^ I * fl <4 J aj <Lj*> i.a| 

- ^ Loxlo. Lfr] jlUJ 

.kaons cjLjjjI^JI <k ^JjjjlaJI cjLjjJ>-^aJI ^t.Ka ( J^L^a_*^l ( 1 S^ 




jfcJ-C. JjSJ qL^JI ^ y ^J-C, pL*JI <jl yjl > <1>Z^ ^ 

i9 “ ^ 

Jojg^a £l£J ^_fl ^L^lujVI <^j! ^Ju£. ^jJoLjjV J^a-o 1 J_A ^vl ^ ... *VI 

LU-a'i <Loj jjl <Li__^*_o (jx 111 Jj V <<dajl_jJI ajjfc j\ () <1 j .(jLojJI ^-fi •A-iu'tVI j»JJl_i 
i * * ~ * 

J^-j d.-> charge conjugation <ia. ».ll <jl_>i3l ■■■~>VI ^ <> LUli 

j~L > JjL t ~ <L_i_a y s L aJLc £— 2 j) > ^ j_a tl iA-a.11 <i ^ > < .. -v *k \ iiiA J.S j ^ ci 

dLa (_£ jJl LfrLuol (jjj j L$ \ 1 > j v lalll J _i^t~ Mijl &jl I A n I I CjI nj ua I I j Cjl- a l - ^-^J I 

g S' & ^ 

111 jjljlsl ^), i «.~^U p * o t d a »• i^s 1 1 a j^alLa . i*! l.\S ^ja i * I J l^l l d * i c 

LflilLk * IS ^J-LU <*1 1 « ■ « * ^jl J_> V 6 jLaJI J_^-o Si iA^ll 6 jLaJI <LiS l-JLc. <jLi 

* 'L * ' 

£jA si iA A SjLo d a U.\ ^ ,. a j « ~ I d_co^iJI t S^llLzkVl lj_A .jJbu!l lj_A 

.(L^JI ^ISJI <ijui Jo5 ^JUJl 

(jl Jj 1 '~ 1 " ‘ c Vi II jj.fi jL^_>Vl lj-4 Ijjj^lj jj-fi 1 » l lj|j 
Jja. 1 (jl SjLu^o CjLa, t..».ii -k l jS\ ol n i m-% II j±uli l i - a a Ijl ^A .l.a . i Lo jiiijj 
I i 1 11 *% r. j <^P dJj jx 1 1 1 j *lj-° (_y-^ jvJL*JI ll^) ^ lol j <(C v_S^)oJLj lj-4 ^^Jl i n j 

I (] j~ jjJI I jl l~l ml a » i Ijjl j .(T <_Sj-aJl-J (_^jJiy (j-°J>-ll ftLall 

^ ? ■■•’. a jLxJLi 111 .invariant CTP jLJL*JI .Pauli 

. c-S^-oJl (J-aaJI t»XA jUa[ Ijl ^jSlJI J-olS <jSJ olj-iAjJl 


£.*> > 

Lfj Lut_flJ ol n \ 1 1 ^jJLcL^k.Vt ^ » mU II ^-A <LaJi a a 1 1 dl (jl 

g-1 m *tV Cjt ^ ^11 &L j-i_fl JJlaS SjLl^ J^-^_ 2k. <_ A_J fLiJLzk.^ 411 ft II ^-11 

^jlLtA jl g^L. ^LUI ljj| j'va > V .ujl^aJI cLLaj a 

* 

a » '■■ °~ Cxs^J ) 1 < ~ > ~ 1 I jjjjJI (jajjll^^jjJI Jjx. LLii .ii Lo IIac Ijlj .<J 

H j . Al jlfll (jLi . A \ 1 o * II a jj& a j| » U a . J / ]*t a , i ^jJI ^XoJI ij i a *v t ij .ajLoJI 

(Jj-oj dit^J . LiH L <.g.t^i-i.ii J« I^ijl <L»JLi vl j < ~ || |k^ll (jl£ ^.■Va..A1I 

LjJkUi 4-x'uJl “Lo-lJJlJI Cjt^jl^jill J CjlljliUI j!\i\s i^yZ-j Lot ‘ CjIj j LI 0*1 II ajjJ 
a-xjuasIU < '“il ^ i II < mi II <jl (jA j~ o *• I .djj^ Ct mjl Ljlt -jAj~ o*i I jjU . IsLij L^lt i 






jI^aAV .1 5-6 

s 

1 rtfl Ld ift A 1 ,J^ jJjtijJ (jjjJ 4l%aVM 
Ud'tii 4 r, <ij i_o£. ». a.i*a a jjjji |>..\ <11^ 


StringjLljVI 4 _i_>i&l yfl 4 -»IX-JI 4 . 1 a ft\ ^-A 6 AA .^JAa <<i ■& laA 54 _IoAa <jaj_J 
^-A jbjVI 4 -i^lal .l_ALl-a.j-ia ^^jJl j Jl i<iVI ^-e ^-L< A >Li LjAXJ .thSOfy 

1 i 'S.^J ^-Ja a < A 1 " l^V <(J ^ ft II |j_A ^jA ULlLli j-lal W II g.*w»J 

* o * ^ 

^Jl 4 jLuA| ^lc LijL^ J JL^I^J j 

JS 

.^Vl (_p*- a * La I * ^jJI 4 -J-t^JI 4 \ ni, II 

ilJjVI <IjUI L^_Lu<a^j i„a 4 j>jj i>jlj ^ j^ij 'jLjjVt cr* 

10 j'* *‘^ dU!^L> (J__jJq (j-a aijj lljja. _>oa-ua 4 « nUI I 

Ljjj^ jLs ,l>ia. 4 aK ^Ljl 4 ^tfTt <i il mil 4 In ^11 jjj I -Li. 4 aK ^1 .{1 J-uaill <jio 
alj) ijl (j-® Ci t .1 SjjIa ^ i -^i_i j-jj-)l (jLj iLi_*oij| ^ -w t £ ti i o ~i 1 alj_i 

i I \ lj“ n Lila 1 0 a^)J -5 Lu 3 Lx° iAil i H (J jLjlj u\ * 4 k 1 nyj l 

*> 

$ * 

• SjjJLua 4 -lLc^i IjL*. IA-iA?. i. 1 i. tr^Ti -j"" mi J-lLxj I A- 4 j 

U a l ijLijVI 4 -jj U 1 1 L 5 _fljj . j 1 (] 1 stiff ^ 4 _T\ jlu l ^ 11 ^ 4 -jl 1 irfi 11 jb jVI 

In ft a J lj^ £\_H 4 -a_j IjJ -Li, jjjLluI 1 Aj-m J^LSj Vi i ^ft l*i -1 e\ 
LaLiLLS ^lll 4 a 1 i A a II £* 1 aj II ^ >a\ 4 a 1 Ia n It La jljLlAl -LL^lt 
Sjbj 4 U i i niM 4 ft In A A II ol ft t Ml II ^jl ^j-lx .1 V bt .^1 5-6 JjVI 

<J| ^_Ll 4 -ftllA^ 4 ift CjLqJUJ 1 Su\\ f ■ JaaI 1 a\\a < jlj^lA V! 

if 

4 fcft ftl 4 ajlJ Jj! ( 1 a ft I j| ^lai j -iiLLJI ^_yA lj->-i 5 C b^.fl tjb-LaJI 

S> S» 15 

I j 1 <il ^>. -<A < l~4 lj i a j ui-\ iiLkJI {jja I j i I^>lAa i. i LU~~i LfjLs £ overtone 

(20) ^ ^ ^ 

j» «Lll£ 4 j_i_jA 4 l~*\ll - I_i J_>-*-® ^ ml i,m! ...I 4 h'C ^g,UL~l 3 


oi <■ .1 LjCV i( <s,!> superstring theory iiiliJI jb jVI jb jVI ^ . ...~ (19) 

^ oL^a^ojiJI jjj laAjj ^ jil jiiLuJi 

.4_Li^jj^j 4_tk$ 1 0 19 JaJ <j?\ fLjjii (8 J *rf-iflH) dlj^L 4 Jj^ JjLaI j (20) 




zero-point <t L> a * li ^ ^ 11 a VI 6 l_a_ i-u-a Jl ^_a Lx a ‘r 1 ^^ * ^Vl .j %,x 
<j1 oscillator 3 I 34 J <iJI <j£Lqj V ^^oSJI <*l/>Ki*ll U ijj .^U vibrations 

s# #s «S= «? ff 

<ClsLU ^_A <<LixiU ^LlA-la-o <JsLLj J5V1 ^j_Lc dLllLa > LojIj <Gl jl <Lol aj Lj^Llo 

o'* M 

JfXA i J^j <(jl niM i_tl .8 Jj-o £J±Q-i (jAjjj 4 4-u-i^j j_ijJI tj- S Lj i ,u ~> II 

ff ** 

#* #= 

■ I aJlLa. o I (u.mt JjLSj <j! io i'i .j-c, 

j— i_i , ~. r.l U" . ..1 i Jjil I (j a M U . 1 4 1 -vj-a ^_S jLjjVI 4_ijJi_i O >1 *s l -fl. ' i f. 

(j-4 jbjVI (jl i_j-Ck-J I^yJLlJI dLijV I Cj-jLc. I.fl. • , < ■ ! ‘Objj^jl! i , i , ^-i j 

Jl «* 

Iaa embarrasse de dimensions aIacVI dbjl .Iaa-> (jjjLic j <U d^-®j 

■ < j * ° Jl (jl . -' ; >j U \ II ^jLj j \ q II l* 1 l.\*s j . jpLill jJsLaLSI JA.j1 L \ \c. Lb jx. Jlj 

je-a-j-j (jl (j^-a_i jlj j^l (jl ' <1 ^.~.<l (jx. *ji " ■! (pUJI jJ-»l i ~t.ll LaI iAI <1 ^"i I I 

aSj . (jLojil Arvljj <(jK,A.l,l A~J j Ajljj <(jb-ojJJ J afl 4 j'jljI Sj-£iC ^^-4 6^5-1 Ja\~> j 
‘LsJjLk-oJI ~ l < j k > H (jl b$ Ul jSxtj ijb-.’VI 1*11" JVi" I (^jljJa 6 Ac. ^ j" al 

.11 (^Jl jljjJj (jl jl_*_>jU « in Ijl <Sj-a.lj LLjLs 4 _lj_Lj (J _5 La A i ~k jjj (j^ n i 
(j- S S j Lj-aJI jb jVb JoJLs ^ *i » " jbjVI (jl 4 ij < J Ax JI Ij-A A o"i» *1 m 

A 4 .C. | ^ i <ljJLj j inf. Aa .1 (j_S — jbjVI LjikjJ <ULJI 4 L.^g>.ll .jL*j| Sj mf. 
(^_a_Laj - jL3«_»JI 4-ijbj membranes 4 1 Lcl (j n iAI" II a » 1 II 5 j-i^.jJI jbjiU 
(j-o :M (_ij^aJI ^ 11 31 1 (_^jJI L I j mi (_yjbJI (jl ji s. l 1 j <M M-theory L^JijJI 
Lt-...i (j j£-> a 5 (jLl <« membrane » 4_&i^ (j^ Jj^l * **■ H Cxj^-* (j^ J **■ aJI 

. Cib^lajJI ^ ‘ ^1 _ «mother of all theories» IS 1 *. IiVa 

P* ^ < 3 * d 

SjLa-i^fl 6 J_A *^ 3 -^ ^AijJI j ^JlII 1 1 Jl 

jLxjVI ^-cL»j ^JLc. ^jLajVI 

“ ^ * ~ 

^-Lc. I ^ jAiii t < UlaxuJI ijJ ^^jLa^il 

^yJjVI jj-a-JI t j Ijl ijxJLxJI 1 fl.r>c. L^_a 1 ^ . ^ A % % 

» ^ 0 -P ^ 

<JLX-t*JI jLlLi^U *g Oixflj ^xJ (8 J_^aJI U< ) 4 jJLc > (JUiJ 

$ ^ 

(_J-11 ^ijJI Jl «»’> m V! £_tul^JI 4 j t i t i 1 I I j .ljL3t j j .L ~ui Cx&J (_jj VI -lal 4 l"l ill jl-1 




’ j J-C. ■ J-A t ^lill 4_al_C. i^ya jLlWI jLiilil a J) 4 o i_>l » I* i mI J -'j 

jL*j1 4j^Ij <J (j| (_£jj l \\<J <Jji_JI J ' ~> j LlaA J 1 J-i jlu <jl .^-jj ^-4 6Lla 

• < 1 a Ijjj £ i _) Ija 4 YI JaC . 


5 j-jl j jj-s j » <! a ~ li l *> *. K ~ compactitied (j^aljJLa j-*— > jj> "> I 

* s 

4.ln 4 1 (JSj j U i"j-c — ,Ai ill dilj J^la £-31 ' (j i If <j^oVI j-i iti~ — Sj-ljL ua 

^ I f /el Ai H lj_a Lajl i ^—i ~ jj ■/~'~ ' j .(16.6 H) cl Ai I I *i a 

■*■ * t- * 

< ^J_X j tM_U A j \ fl <4-ojl XO*i A Jl JoLlllI ^ jj^illl 

» ^ ^ * g 

4 -> «„Ua jLxjI IlUil 4_aj ^JjljJI .j^a.YI (jc. 1-AAa.l Ij »~ i c ^Jl djjjj 

* ^ •• s« . 

^ l-il In n Ja_ij_Ju Jj-o 4-4J 4 I Cl Jjj’Jl (ij > -y <4j».4.i ^.4 4-3-1 jJoJI &d^_i 

^<Lt, ' /'"•"■ |_$_il_) 4 n. A. \ a 1 1 jL*_lVI l _f-i j-liilJI ^JA-J J . jX jJojJ^. Jjja. >_i J-LLo 

Calabi-Yay jl_» _ j^-iYL^ cil^l .<n 4 J(fiL.j.u^l aj-A ^ .< v .^z t 4 U a 1 ^-4 1 -^nl -y 

S-t jLi dijlj - dlj-i-iiij <E.Calabi j 1 *i > •y j-i oi > ■i«~»Lij- 1I ^ » H r 4 1 m’i 

* 0 
(j_lJ-ll <(j-i 1 >j-U Lo-jlj (J.-tA 4-1 Li ^jj) * 1 ' n ^-1' . l_4l_cujj (jjJ-UI <Yau 


Ljj - ALLj ^ Lo - iAC - jAu l ~ l^ K ^iJI ^ xALaaJI ^ jjQ IjJlS ^jitAXcJI ^ fJ^LuiU 

^ 4^1 6 JuclJl ! Lo ^_ uC . < Aj^JaLj <6 -n II oU 

^)iaj < 1 ^ Cy 61 ^ . pl _»^>_ i_fijl ^ lfc CjljjJalLlI ^—o t J-^l x7i 1 


j .\<\ ^ Ll^VtLi j) -yj a cxjL ^ oL 1 jJI jLi <^10 ^ UV ci 

^ LjJ j-A LaX. ^1 *\ i i jLj|J c _ 5 -»V l_AJ^i jxJi L>*°J 

— 6 j_A JiLo VI nil .Cllg-I < A a 11 6J-A 1 7“6 ili.ll JiaiiJJJ .jISLljVI 

^-iX^ u-fl-i-L a! \ flJ ^_A jLx_i| Ajlxjuj 





^ * 

t Uo'vlLi ^j l At ,,,- s . < i lc _ axjJI jlxjx j k .\ < j 1 jj-u La .1 6-6 ^ JSoaJI 

^ 

A-5l jJJ <Lfi_>-a-*JI 1 J |.«Q~ '■■*« LoJa£. VI V (^-ojua 

•CyS*J tln ^ ^- iLk-oa 4 fljfl-fc !l jj-fl Lojla-oj 




Jba pL.^ a . 1 7-6 JiJLIt 

^ ^ ^ 

^_fl > a II aJij ,J_i_o < Uj u*j <_j s _j-a_i 1 ^j-A f pi c *a ft 1 1 

# i 

J=»A. ^y . Lc <Ka'i jjl (j^ n * 11 Jj-o <16-6 J^-iJl 

if o ^ J(l 

! j_A ^_fl <4-0 <^-J j-iii U*> < jL*-i ^1 J Jl l a pLAfl < 4 ft j ft -k 1 1 ^_fl 

4-iL jL*-> 1 < y -a-ll 6 ,Xa ^Ji-o ^ < J *C > t i I I 

.pLAaJI <U5j JSLj < fl^k U 



'.jjb XI I d \\ ... VI wl^j Jj£, 4_>L^VI ^a-j *La. Tv j M ij^lajJI <jl j4oj_j 

^-4 i^j a*\ I ■ >1 j -»- H ^jl Sol a > — m.'N. II C^LiLc ii^Lj 4 j^j (_j-S u j -mJ I Lo 

d* ^ 

JJJLj Jaaj^_i <jL» _ &L»_o ^ < 6 ^-aJI 6 J-A j U 1 Vt 11 - jUl Vt H 

2 i ^ 

‘J^J VI 1 j i q threaded 4 ] 1 <n~ i_>_$JaJLjl ^j-Aj <cM * <a a I I & 4 _a jL*_jI 
4 Q i J U 1 ^ Li— dl— -Ski jyJjX. IjJj -U^l *n 6 ljj-a.j Lo £^$jl ^J-A J Ini 'i~i 11 

jl am 4o4aJI ol .Aa 11 j^a.jjJl \ l i II cl j i_j_jSjJI 44C. (jl (j J > < nd < d "i ta a 
44 ju c^jIjlJI jjx. v i ~ >j ^ I — yi oLiAa.ll ^-S ^gjjiJI j j. v I I clj nj^aIII 44 c. 

. c a j _ iiiA. SjLil La .k j~j| .^^aiJI jjju j*i threading 4 l 1 1 mill JoLaji 

5 s ^ d ^ e 

Liijj LLLvjjl A i~^-a cl m mi 11 c^-jLc. j 4 o ( 2 j! ^1 _ 4 U 4 <> _>i£l J LLa 

d I a d)L» jjika-j Lojj 5j^Li J4*JI (jlj b~* 1 dii_>JoJLi 

. d_-=>lA. 


jIxjVI LliN.ua I Lad j uil^a jLljI 4j^Ij j IjLaJ ( _^LiJI j ■ »*n II ,JI j mjl 
\ *\ ! .Jb_uJ| ICA t j ^IjJLaL jL; jVI d 1 J U 1 a ml S 1 ‘ *»l ■ A a I d “i M *i I I 

. LidN.jJ_^o-u/jill djl ^jlc (gjJI 8 J .^Ndll ^a t_j| j-n. II 

^ tJ «* ^ 

44 b-j^J .d±Aio 0^j4 <^1 i i/ii'i (j-A (_yJ-ll M d-i jk'Jlj jjLjjVI <-ij l-i jj 

(JaiuJ 4tl Cl^ ^jatj JjjLuj C4j Cj4=u 44 j .juja.ll ^Ual ijc 

I a..\ 1 C . Ij-A Cjj £ 4 < Jj ) ; 1 a 1 1 AJ_I _|1 » o J 4 JU 1 /jl ju i Jl 11 ^ J f . ji H~ 1 1.1 dJI JLal ^.1 

I l~i S*» (jil <L^j4 aI—JLo jj- 0 ~> (j-1 Lajjj <4 aI m~ juJ ^jjl cl^jljUl (2 j£. I ' a, ~ 



4 U Mil j-j ji%*i !j_a .Lj i La La_> LLs jUl j j.xi (j 1 1 4 ~i i <La . ' <i j ~ ~ 

m ^ ^ w 

< 1 l<* I . . 1^ 1 / l**ll <^*1 PL. t A i l d L M | ^ Q ~*V * * 1 <L. ^ t- I t d t»ft Jl‘ l^ 1 (JJLLj V t*\ iA*itVI 

■& o 4 s 

jlj3 lift jil <ja.~k.ll 1 f j S ^yi'Z-1 jl j^Ai <l~i.Vi till ~i ft jjj dSj . Sj Mil i <i II H 

. A i J iti jojaj ajtajl A 1* II jj-lc. j i»~ i 

lj-4 (_xls j a < C~> jJ~iL i~i II A i ■*» n~ (_yj.ll M LijJojJI Li » -a iti~l j 

^iljJ Jja. J V . jlaaJI jl jiioJI I JlA (JjJo (_yl£. Sj) ll ~k j 1-mll (__^JLc. _ (J .y~.all 

' f 4 

« ~il ~klj!Lfll ^ jJftjJ <jLaJ (Jl olj Sj^S L^j| :M Lijlti til (JjAfiJ _) <7il u (^jjjaJj 

^ ^ o ^ ^ 

Jjjljla j" a* Lg_il .(^JlAC. J)il ~i j.i ajJjj jij I *i.*S I < 4 ft i a f. (Jjl in o <jj. lCJ 

* 3* * 

Aa.jj jl£ LoJ j^J <C)t <i i jha. .11 Cj^LjLc. JAC. (JUj < <L » .ml j £_jmol^o t_i i j .,i LsjJ-aJ 
Ljj J~i 'i II jl (_yj| Lua ajLi| dll i ^ a < jL - (_j_iVL^ oULiA.a j-o tiVVI Cil j <» r 

CjljLiHa-VI <La_j_i La >j <Llu£ **■' j _■ jj I fl « ». i a* j_o J r. *0 ■> 1 1 m II a I ~k~*'/i £_S jj I 

* ° *0 * v, 

ja j <Luj£ (_yAa. (Jj <Lij-~k.fl (J<| til fl<i Lf! CjI j-i(j a.* ,_ilWl> L^ajaSj <UjjjaJiJI 

Li j In 1 II ajj# <La.j~i ft.*l La_j .AjVI (_yJI <Li‘il ft.~i.ll LialjjJj jLi. jjSj jl J»~ii o II 
M LijJajJI 1 i*>~~ < jl* a II J » _» ■ ■ 1 j . jkLaaJt^U I j ■‘i a a j <<A 1 j jaC 
LlLSiJI jp IjJ .graviton j_jjuxalj*JI <2 <Laj_jAj < > l~^ I I '& jjj^ 

^ * <s.jl % <0 ^-^.1 (jl jLiicVt dl^J^L VL o 

pLaixJI liA . <Lij.lift.JI 6 JlA tfjill La>\ 

» 4 o ? 

<LxjIj l_^_jl jl i LX>^* M <-a jJa-lJI ^AtJLTJ 

^ ^ V ^)LajVI S^5 <<LlaU» <G-Lfl L<i XaX.1^ <LS^1 hi CxLfl \ < S I < Jl.^.a-11 

0 

.fJjJI , «S I t,Wj 







V 
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r.«'>tr . A ■■ ">’■ >v 


r a K V « •_>. v - r ‘-I.- ' u 


• ... ' 


1 (| Q * fLoLaj (<UUl jU!) /OJ 1 <jL> (j-o 

/jl a \ >U _ J jLtuj j 


JJt It ft LU^O <*l |*|l^ t ft II l flLfl. i A L£ 

JjS j J U ^ I jjt J <4^_^jJI a j-£> (_^u-aJLlj jLi I *i t-n. \ fl 

1 *" I f . ' <4-ul,'t*i"i mV I 4-ijJcu.ll a j-A jlil 4j a Al jjjjftjJj .Lfr.tft (J^JoaJJ J jVI JjI 

Laj Jj jrlj-aVI Cul^ < j mfc ^ mil II (jjJlJI “Ltl-^-j ( _ f ILa. *Lj| 4-lra.rw^Lo 

t*» ^ ^ jj- 0 J J « .^-.11 4_iJI_i 4 xftjLftJ in L^_iL_j 4_fi Cil a i xu -y II Cijl^j 

<j-a ifc^A^-aJ < a>. iVi j .JjjaII (ilJj Jjlrt. i i_jLc. (Jjj^JI IjjS (jLfi <^jl mil * J ° II 

tlj^jiJI 4jL$-i l — ‘"^ % "* (jjJI <2j 9?> a II CjUa.-y^LaJl 

itn II ^ya 4 » i A > j jj-q jjui j .classical ^4 . ...M^ ll^ r «. t » I a* II 

jiJj .LoLj I jj-ajj 4 j. w I a~ II aljJjill liilj 4 jJj^.I ^ jJI aJI 

(_p-a <4->i.\ 1 1 j~ II C-Lj > ft II JJ-S 4 > ml ailVI » > * 1 a « I I jAju f.l_i_!|_i 1 A II ■ ftj^ ) 

ga-LujJ lia^ a ‘Li^j <<01 J 4 trajectory ^1 .m-aJI ^ ^ 

.^1 Jl gjji^ll 

s# J' / w $ * 

6^ U>1 I ft ft 1 Jk ^ _ 4 1.1 * I illl cLtj 1 Q 11 >xi ^ 

vLjl^ (Jj .quantum mechanics £-o>a£JI dLol^JI _ (3 J^oiJ I) 






o „ S'* * o + * < 

* 4 a Sj. 1 i < ■ f j H l<JJb 4_oLo 4_»^_la_> Cj^ au ^jl Ja_£ clLl j 

^ o * ^ o " 

a j-A JJLa ^j_xjL>^_laJI ijaj 6 jLaJI Ci. vlri 'N. la_£ dLlj J_lS 

■£ o ^ ' ° 9 s o ' 

4_jjJa_» Jjl "k J A*\ ]| i*1u[^JaII ^~<1 j t i * ^Jx. ^1 . 4_»jJaJdl 

iKAJI . 4 Jl % II iSjJI ^ j_A <cj!j! r*^VI (j-A jjkiJI Ijjfi (Jxoj l5il <« 

.U^VI ^J-O fX^>JLj ^<SjLi 6 jL^-AJ ijjJaaJI 6J-A Jl fl«l oil lV*K.ol ^j-a jkX.^JL» «Gl 

£_£ j .<JS I j_A 4 i\* i (£ jJI La 1 jc\. a~\ ( Q^JLi - wl ^Lfl <C.it itiflllJI 4j in <ld 

^ fl ij n. V"v~ ^ H cA-iVj^-Ll ^j-L^_oJI ^L^VI (J \W <j-a 4xaJLi 30 4->I^Js jjJ5 <dJj 

*** ^ a* 

4j^LJ 1 ^ > .ii 1 ^ i it. 1 1 j .1 A •<£>^ jl - •. j u ■ ^ /'j /,< ii .*i r.l< i a 11 .-.i o . iU~ i<- 

a* «> 

<1 jAal -j j SLiaJI i ii i .ml j_i jjLjJ -*•■ '-y > jjl ^xii La JLaILa.1 ^SLs . Jja.1 ' V 

a.lfl. I I ‘i a ^ 8 JLa. ^_fi ^4 i rK I I <a-Luj^l <fcl*i <<n j ' jL ■ < ■% iV. Cjj-aJI < il Jjjjjui 

«< ijU>‘< II 


Lf* jS" 0 Jj^ <JjaiSlJI c-LjjiJI j- aJj_uj (5 ill <j| 

a j .A It . ^ I « ~~ 4 in i^-C. <Jt III a (jj-LujSJ I (j t_lfiL> j-t-S J^-8 ,j-a ^ mf . ^ -i<A. l ll 

Pj-tAll ^jl 4-Sj-X^0 <A.Ljk i (j-a-j < Jjjja. La ^ ^ fl I j .J^ALuj ^ xua. 6 j.. \ . <■»_> jJI 

i# 

^Ul .electromagnetic radiation ^ . J() <ll ^U.^.yi JlfLaA ^ J^-t. 

(1 ) H ^ ^ 

a a .All <r.j 1 1 1 1 j-itit.'iTi 4 i m I LI oj Jv?^* (j-* i— i-!j-o cl ' Lau 

• - - " * k t - 

jjjj <_fll_Lu-aJI jj» ^^ja-j-aJI JjJeJI jl) ^La-iiVI <^-J-a Jjio ^jl 

.j*i n 1 1 <dl ^ya i aVl Ij xu£. 5 . aj) iA II fj& ‘(_$ jl m ' flJJ j 

t ~ ~ $ 

t j. < Lft.aJI jjil <ii!!j£ <jl :Ij^. J l * -| ^~| (JjJaJI Ij-A (_j^A_iii J^Sjj 
^ " * ” 

J ^ J * * 

pl^^VI 6dA J^.1 uilt ^-Jl ^ Hifi I j\ 1 1 ft 

* ** # 

j[ 4 a 1~ A. ^ 4 VI j) Li J_jLij pj) j A 1 1 4 A il ><\JI JjJVI i i 


687 jt <<^1 iL*Lll (J-x-o 186,000 <_»!^5 i£^- <4.i jL^JI _>a-o 2.998X10^ ^-a C 4 aj 0 (1) 

.<c(_uJ! Jj-ft Cxyl* 




V ^ If 

Jj-1=> jjjVI pj-iAilj A.xx^i.'i Cr^j-* Jj-k j-^Vt f>>AD 

1 ^ II ^ 1 A •% (j-O Jf_>j_0 (_)<*»- t-lVI .A II .("|-7 J£_£jl) 1 LUn \ J \ X <<-l 

*• 

SjLiiJ p-j) iA jjJlu I >oJ. ai j :<_aI_A 0^(JLj ^_S 4 <a > o_U_ll , - >1 j i 4 til Ij 

6-° uM <j ^-11 ji-^VI <^1 ^ 

jJ^Lui a \ 1 <n II (j-c c-flV I S^)— lu-C. ^j-o 5.3 ^-Jl ^ ~ <5.8 7.0 

S* 

<L&.j-aJI A H ^4 » .mV I (jlj Ij-A . J i in I) <LslJLJI (Jjj-Lll 6j-fJ LLs j CjIjL j K i l l 

«< ^ 3* ^ ^ 

^j5kJ "» * U1 K. cA 9 r.\ A .A J <^Jb ^Ldl AA^-i-a-a 11 

_p •£ . 

.J^laJI I jjS j J .. o'l J( j mi l (j-o Iji (oIjIajaLlu Sj£. <CL=*jj> J^Ja 

(JI^Jol <<_Jlx Jp> 

^ .1 -7 j <; ,,f t || 


_uj £*_*1i1j < La lx. 4 * till 

{ j“? " ' »'■■ 3> £^1 

Z^ 420 h\N 

jjjl 470 \ 

,^1 530 
j s . 580 / 

yJlS^ 620 / 

" 700 // 

^Aa.1 Ll^j f 1 . . m} ~ 


4->4l J> 


£b«l 


300 nm 

(0.000 000 3 m) 


. 0.03 mm 

(0.000 03 m) 


3 mm 

(0.003 m) 



d ^ j) - Jl^Ial 


(0.000 000 000 003 m) a a 1 " ^ 4J I j (.1 . . II . a . *. " 

* * 

(2>-0 J__aj I <■,& LlJi-A.JI 

£y> ^a-A Jxk. J1 a. ft jj-Lc. ij Ja 11 

. 3nm . 

(0.000 000 003 m) Jlj-kVI JljJsVI 

0~*-? *-u_aJ 1^ 4 t ^ J -ft II 

300 nm . . . .. . * . 

(0.000 000 3 m) j-A LJ -^ 

fi 

(c S~ > M * ' I 4j.jI.sJI (j-a p — uij-« 

0.03 mm 

(0.000 03 m) <b l .r , ^1 iiilj^JI (jljjyj 

^j-a fr I j olj-^o J ' ' . 11 . u U 1 i 

3mm - • . / - II . . t II 

(0.003 m) y» u-* oje-b- 11 

jlj— C.VI (j| .«u-5j a I I fj — <^> — ll» 

30 cm „ • - 1 u 

(0.3 m) { j~i u st I I J j I -. 1 ... a I I 6JjljJl 

(jjj ij-A o>^' c^jLojJI 
C^l^^kiJLj jJ ft aJI 33j 1 l l 6 j-ul&JI 

<8 jjjJU .(Hz 4 _ljLuJ 1 jj-fl 

3 km 8 - t * \ t l 

(3000 m) 1 u cr-Lc- 

a-® 5 ->J J 6 J J ^ 

,^a_J ^iaLxaJI Jjl . (<_ljLaJ1 

jj-Lcl iaJ Vj j-llj 

.1. t ill 1 1 j! j! 


30 cm 

(0.3 m) 

3m 


■ 3 km 

(3000 m) 





I jLi frequency ^ IU,^* a . La ^Jl 1 -a it 2 I -v . \ 

IjAJI AJ-C ^j_A JJ J^JI r«* 1— A jl i -k > j U \ i fl \ uii-it Cijj 

^ ^ •*** J, 

V 4jj a 'Ll a JJ__P J l l*C II j^JI JjJqJI ^ j C-J iA 1 Ij .4 111 Ml ,^-4 tJjjL&Jil 

dJ_>l JJ i I <-> I) L II f . j ,A I Ij <4 I ~il*i II ^4 Ijj ^.iAi.1 V) dJ jjUslLi 

jj ^ 

^ 4i.1 \1 4 i^ij-aJI frj) n-i 11 Lat ,<_vjLi cljjL^JLt l__>jjl ^_a IjjLt^ IjJlC '(JLt 

6x x jj uLi IjJ <4.1 tlMl ^4 Sjjj (6 x 10 14 ) £jj * ' 'j~ 600 4_i!jJi itijjjz 

jjjJ ij^Uj .(Hz ^Jj6x 10 14 ) <_j_jLUI ^ cycle Sjjj 10 14 

t - Lij ‘ a I’tlMI Sjjj 440 sLij ^gjl <ii_> <lj \ m*t (_)A 4 -v \ <. 

* 

. “Ct >1 *i It ^^4 l>j * 1 640 j ?» ~i ,i <1 i i-iii'i dj^jJ! (jJLe * 4rl 

" <* 

1 j} ><l 4 a I* A. y, 11 ,-.\l i a~ ... a II <4 a I" A. ^ 4 a * ^L » <» VI I j A ^ 4 i 

Ij,jJ V (J^ ‘“It ^_4 Sjjl^JI A . a i a -». II dldX.VI .4 4 1* a II Cildd_)lU , i i ■> *i m i 

* ■ > |j I A iiii^ II 4 g H <L4 jjlji ■ ■ ‘ IdJ <4 nl f 4_4Li_i I 1 ^ 1 1 * < 4 

■ ^ li.iUl'ii ■ a<LII 4 a1"X. /.)! < jljjC-VI 

I ' A ^ a in . ^-AjILa » "■-«- _jjLi^ aj - A I L)'~ * 1 “ C*4 j£. A4j 

“ ■? t * 

|* oiHill ^l i^JI liLlj j <J__j^uVI Li'jaJI «^L*_4i|» 

^LJVI (jjLijjAll JaawV <1896 |>.Lc. jj-sj . (j II L) j * ' * >* >11 

L ... _ jj^VI ^1 .i ml J W. Wien (1928-1864) 

J Ll ... ■ ■ . a a^j~ 1 ihj^A l a ji f (j^ A J ^4 (1^ - A II 

' a 1 \-,V <4j-a i^jJI I *<~1 > ■»■ ^-4 lAijJ <L4^lLa 4 nxuJI A Jufi . 4^jJ ^ L 

ia.jj £-4jJi Ladle. ^uioj <4 ‘i i A. ml die. Vjl j a %1 | A 

jJjLjVI (jjill <>» J (jit Li>UI ^ JUliVI lift Jllij 

J-Oi.1 La_i^j ^dJI Lx>^ if* (* ^ X . I J (jf i < <- > 1 1 ^a.^aJ) JjiaJI (jj} 

<j-S I I infill (j^-i IdJ <a jlj-aJI <^_>a ^1^ Ajj 

^L.^1 ^d <1879 r U <^j-a Jlj-L.1 ^4 ^l^ii 5JLA£JI 

ia^-fLa 4 ft J. Stefan (1893 _ 1835) a k*\ j.u ^ a 

jLijjl a ^jl iS\ I) g-^.,4.40. LI 4 l 11 a *^^1 *Lil H fi A AjA iSi II AjLijJI 




(jjij <2 YjlII (j-o j ^ z-j <Sjlj^JI 


^x.^j p-LijAftJI <Lili (jLLlLxu ^jls Yj (j-'lj il ^- 0, ' 

g - 

LaLSJI 5 j ioI ?> a (_y-9j .lia. £jj-i ^j-4 !*>’>« I $ 1 j .» Sjl > a. II Jjj $ y .11 

^-S Jjl a A.VI i jj| (1900 ^.Lc. J ‘ J J j 'jl ... »‘i 24 ^y^-La_ll J (j » n II ^y_a a K 

0^00^ 

^_l^l j H A ^y& I, V "vl^ d 0 , ^-S ^ \ ciLljj i J^_j_LlV I p- > <■ ^ II ^L*_uj| y_J^-LH 4-fl^JL-A 

P-ljj) »»I II <Lo_lxJI^ d X t II p-Li^xaJI Jj^l ^_fi ^_i3j_aL1d lljlS iA-<,r> 

1 ~ a \.c, j-ij . j-aJI t il nil^l 

^JlJI d q > j-U II j <^JL*JI J-L^l La jji.\ q aj d-xll c. < 4 r ^Jl V j^Vi I 

^ ^ -** 1 

da < Q-v H d a > A< i l d i 1 i I I I |\ 1 i-^j | J infl >j ^LuLLui^ l^J . vo * t 

M. Planck (1947~ dL»^L» ^u^Lo <u < A * ll^g Ja^^uJI L 5 ™^^ 

<1900 jkLc, J^VI ^j->j itr> j 19 . d^oj) II II ji i<~\i ^jj 1858) 

0 s* 

<JUI ^ > il (»iYI jtiLS jii (^jl a i~i <,<ij j^tj ^j^jU j < . i t~i Lfil ojj 4jjl*-o j-jisl 

4 t M i j . o I I < n /.-v II ^y_s » a It Sj_ioLa— o ^y_Sj .<jJjl_a_aJ >4' -' u>1 j » tj* I 

^u^JI jX^JI <#1 iii <1900 J- ,^.,o/J J YI 14 <^LJYt 

d_j| ^J_C g4 1 niVl J *j * VjJ ^.U J^Lfl . L^J dlj^Li (<Lla j) a*\ II d 1 a \ 1 ! 

JJ I ft I C. (^)a 1 Ji» II a. -.^i x II oljjJI ^I^JLaLj j)8J a 

(4-JjVI S^lklJI Cul^ Ll^ft .^1 a t ^ <All ^r>l ^ 

** fi -' 

* * s 

<5Us ^1 6 ^ 9 *■ I iA t| .p-^ mil \ ^ % \e \ -v 6 <^->1 » e\ J-3U^ JJj 

* ^ S! 

4j 5Lo -> LJlo LoLoj (jl^) < qH duilj jJuj oscillators cj\-*s*S± q II 6*1a ^j-° 

.^1^-uojJLfll 1 amplitude i a ->.>< j > ^ji ^^^jLiLo ^^1 ^ 5 -iJ 

V Jjlx o iiUo jJLfll J fl Q A ft ll a 4 ^ ^_> dL-u nZ dlj^L» 


jlj-4^JU Jjijl iiila-AJI Sjl>aJI uj-wa J-»-oLa. (jl ( _ r l^ (2) 

- jj t ft Cx a* « Lt^il j .a.,<u j (_£ jJi ftjji ah ^jjjLs \_»j f{A ma xT — constant) ^aJo^-V) 

~ 0 

d ft I In a JI 6 ^1^ II jJ O u l _^ll S^Ji-ll A— o Ij^Ja > i ml jj 1 6 jjl II 4 > l*C II 5 J dJI ^ 1 C 

(jiK 300 jj-a d^VI 1 \ • a^j Ll>L>j ^ K 1 1 1 os^ LjL-tol IjLi . (T 4 XCuIj = 6 J— 

^-A IxAj <10,000 ^J-aL*_j jIjJjj 5jjl ^ I I 5 j 111 I I jjLfl .&.L^ 3000 

. 6 j ALu S i ^Aj ^Ajjj 4j 1 ( i > (..II 



S' * * 

aLoI V a 1 111 a.Lo1 Lljl ] .discrete iaJaJLLo ol j L. LA_^-i„>Jt.~i * » 

* ' ’ l - __ * 

jt-ta— ua i. jf.l 1 A a (jj » <i i_ij ij~i a iiUa (jl £-_^Lsl . l,i-iJ.a.jj .^.V.-a-V a 

(jVI (j-a-^-a.) 1 ' i, \ -^ (j^LA h A ^_s h . j j<-iL~>-l .integral 

.0 1 .A ij ~ a L^-j j ) a 1 m O bJI cjUlLi! ^ I Mill (jl ^-jlLsI <j| < eljjli ojli 

.JJjaJI jj-S h i_jj.jA|I |J nil ,1 <J!La!LaJI .4 t-a£ll > ti iA ...2 .1 

(JIX. it J |aI-i » a I iSllaJI ( jA CiLa.jjLll (jjSij (jji h <La_>wS (j[ 

6^g-S-g±» { fr ^ . rfil l < la. 4 . i \ (_£j-ll - i a jTi V I 4 -a. i . ^ nnlil 1 * aj^"\ll y Lft-AVl 

^jclS IjJ S UJ» a Aa. jjjl^Ja-l l 4 iTi^t c.1 . . .1 , I ^ a .’t.K I ^ . 8 ^vai V “La-jJ 1.1a. 
La j 1 d>~ j'vai cjLSLLJI (jl jjisjJI ^1 Iji » ... (jjafiLjjjAll (jl i_L>£ a g a (J^_uJI 

<j£-aj <GLgjj^ 4 j_uj (jl <-jjj J-fri <_j 4 >^l .jlj a~> i “ L 

^jJk iiUaJI (^i jtjJIaJI _>JlUI (jl ' > ■ S^iais StepWISe <a.j.lLa <ii^lau» LAjjuAj 

(jlj II ^Li-g.ul (_)^l j v ,.ii it (j_o 1 *i ' 1*1 n~i (_j-j-ll £,^ i ~a^JI <LLi_>LJI 

.iLgulj <iJLa. (jVl jJk _ quantization _ <3lkU jrjjiJI _>JLiJI 


<GjjL5-o (jS> a i i il / m Vsl l j3 <j| (jJo <j| <AjI j-aul J-Sj 

6^J .(^Ul (j»o P(J-<M> - tijnC (jj (J S I~I I a > S (j- » . 1 u-l JJa jJj .(jj^jjj t si itit'sL) 
d X . ...*\KH al ij-iall i,n ^ jt i II ^ t . ti 4~ 1 _ < a ^jLlj (j-lft (J-aaia-j (jl (jjJ 

(jl I a q I jjl a I « II w (] \ a 1 1 i j U t i I a i S LxA I a () ' a SjLiVl Li \*\ A.i (jLgu^J 4-a.j j 

^ ^ w#l 

CjVL^-o- 1 UliU . j . 1 ^ Ac. j oTi in a II ^ ^ II 6^-fl u <-> ^^111 jKiVI 

d (Jj^ 1 A.\ a"> j ^1 jLal£.l A J l £j)lj\ aII ^^^.1 

-v? 

— <^uoLv_i ^ i ^ ^ <_uajX p I » II <Lc J) (j|-i tdLIj ^ j 1 1 \ 

j| <<a au I CuIaJI I j-A _‘ mj ^_-lu_> J ‘(j‘t .» iLtaJ) jj*^ » J a II t a i-U l MSt ■> jit (3) 

^ I jjU J &' j .quantum of action J*iJI ^ ^PftlVl < <J jUli 1 <W flj 4 A A AulJI kiljJ 

I ,1 4*1 k. Lrk. 11 4. fl H .Jj9_ujVI ^ ■■■•*- Jl * Ju| .“.1 > alj * jJjjj <jV jL*-o 4_ap^La jl aj[j 4l a j fl jjJjj 

.J^ 6.626X 10 14 cullll 

^xa .4 ft kfl-k II (J^Aj V CxiU ijkij eLI 

4xjL5xo !jS l yj ] (Jxo ( C>j J*1 ■ftj" > til 5 '' 4jlxuJ <^.l^c. 1 00 4A^Jo jJi ^ jll\ 

4xjJ 5l^j J ia.fl I j-Aj <JjJbL mi i II ^J-C- Aol A Jil 10 — j V| >— fl L1 a-J V jjjaA 1 ■/> ypA. 

.^j£j1 4 jj_^o &j jtif. jnfti i 




jL£ (jl j_a ^LUI (jjjjjJI .1 -w mlj La.jj_aj jjljlL uu c< UC I jl - V_xa 4 kaLA-ij 

y* ^ 

<^jJl^jjljil ji It ll—i (jj j -iti i.<i II j i A C 1 I J.1.1.1.1 ^1 <A.i1 p Luu JI (jjij^ (JLa.jJI (j-a (j m il 

liaj (<jjji5jJI ji.g~ij.ijj J^Lk. jig tljf.l i~i-i iiijj jlisU (jjAjla-o (jjjjSL ^g-iV 
A . LlI'v I I ^jlttlll jLs jU (jjlj <jl g llf S.LkW al 1 ujl jl. g -alatJ I^ya jj iAll~U(l jl g L* A. 1 

• <3jl_uJI (JI_iLi.VI iJj^j J LXJ VI JjAj V 

4aLLJI (jL> < t..i<ila.?i II a ' >. 1 . t, II j 4jjjjJI Sjis (jLi <j^I (j^ (j£j l-< ig < 1 J 

<pLaJI Jjjj V J-oj-ll Jjj> LgJil j <<LoX.lj V 4jJJJ<a. LgJj <CjVa£j <JjJfc 

jiJj . 4 i . A l *j 4 I »-v Qjjjfcl <4j|jjJI {_f£j .Ci n io i cJjjA <£jsljll 1, i g -3 j i i~ Lg-ilj 

^jJI j i l~ im’i < 1 J~l a a II jAA I <ij\f. <1905 jvlx. Y) jk$Y <jjLijjAJI 4 a > a 11 jjjj 

• jA.1 jjg J lit" jjjj (3 >1 jj-pkLijJI 4 4j m JLujI j <^- j <11 aJl 

jjAJI jjkljl pL»j_us <ajj ( j_a Ij.jji j| ^ <A 1 (j! l i 1 1 f . <jjjjjJI Ijjb i— ij»~ I 
_ * _ ~ ^ p 

(jl tjj-S-l! iJJj IJ-S LajjAj (J^a a. < » Q J I<~|| AaJ .(jjjjJI (jjjX. ^A <j n i f . ^ < I il ~ I I 
(j-Lc j nil i 1 4_jt jj ^ -mjJol 1 i A j.g A I I fjl « m V I <jiX.1 <^-JJJ _ PJ-< A I I 

J ^ ^ «» 

C>Aj 4 _<iA.J (_giJI <(jjjj jA .LajJ V J . l A fl jULLcYl Ijjk (j^J j»Jj .iajJi (JX <<i 
4 ‘ ‘ ija ‘II £JjYI <C)I a i <<i~i II (j^ JjAJ jJh P J <<a II (jl (_yJ^ J-a^l <(juV-lV (3^*^ 

(jl^J . pj-iA.II 3 ^-* ^ H CiAjAl j-upC. J-ujIjJI (jjAll J!V-k i ~i <i Itril (_ykH 

i_iAlj-aJI <jx. . *•■ ' ^ j (j-o (Jji (jl^ (_$jJI <diffraction ^IjjtjVI Sj-AUi J-Jj <S 3 ^ 

*(— ujjj (j^ (Jji (j^ ^jJlj <(1 519-1452) u m i al j jjjljjjJ J 1 1 <il L~i ll_> ^j^JI 
JjjjAj <Young ^jjjj Huggsns j i » . 1 jjt Jj^ pV^. 1 jjjjljjjA Jj io a~ IL l 
j - ll pj— <aJJ <i * aj a Jl <_jjJ^_iJJ <Lj— ol j j— 11 ol, 1 1 .i ~ il j*i ^ j-j.1 (jL£ . Fresnel 

(j-o ac.1 .A a <L>jj| j 4 .T.t -i?Zi jl jUci j^j-o (^A 4 \ j . ^ 4jlAj Jj_a.j Sjjj— uu 

(1827-1788) (Jjjji (j j l i mf jl jij5 <1818 jilx. (_jJj J^^<ill^ j<kSfl i_ uLa. II 

JAj .4 i pojjaJI 4 . a i 'KV 1 4 jLc.jj Cjj^a 4Aj( ju ^A aJJjj <^IjJLjVI 4jjlaj ^A lja-i 
jl fl*i *> V I AjAjai _ ji*i a. 1 * 4.1,-aJ p| /Acl Aa.1 - PoiSSOfl (jj-uljj ^|j_<AljjJI (jl^ 

LjjfcUo JajlU l j « 1 1 a Ijjjj Jjfji <Jjiaj (jj (j ^-ii-k'ijn lj i c j) 1 1 <Lia.^aJI 4. U> *< 1 1 

j!»Lc c ftL-k J(] ^ > jjl t_ vrw i <3i lol Mill <JtSuJI 6jl^-o 






<jjJoaU Lfiij . <a£j .2-7 J&JJI 

r u |kTiXa Lojjj.fi < p- jj - A U 4. j^U 

J-O ^-S pLfcAjJ 4 jl£j »iijJ=ki JjV <^*Llu^o 

* _ / i 

^JaLfi JjJj { j-A <U^.IjJjI oljJkUa (j| .(JlaJI 

. JJ 4 < -v ^ ^ 1 1 di t il^> 1 1 ^ If 


fd j» ]q! -.-.i ll d m q i •- * ^ ^ ^)_fl *F. ArsQO lj) iii tl'j-fl 1 11 

4_i j U ~i 1 1 ,~. ^ » ■ — .t j i4-t.il in a II Jj-ij-S £t_ij jjl 4 -> ' ~i'i 11 CujlSij . 1 j i i j ■ 1 A . \ jj 

0 $ ^ v» 

(jajjJli I *1 J . jl STiVl ^Jbc. '■■> jJLjj (^jJI (J^jJLaJI ^ j j n ~i I I Pj i->~i 1 1 < = ta.^-tj| 

. >*s 1 1 4 * -v j ) 4.* % *1*. ( 1 

£-0 <Lj1 vLUjI Lo»Aj£. dljj 4 1 905 jfclx, lUll ^ic 4UA ill jJsJ 

^ S* * 

~ «** > >1 J fi o, 1 j ^-5 J .yLu-ui^k j^)-o LflJjj-o P J) 4 4- > Jl jLajX. 1 <dlii 

S* t 

^1 » itl^U 4-LjLij,J_^-0_>jJI CjI ,> l<ll ~li II J.1.1 ~V*V I Vjl ^kL2 lAAS .£j Ll I -^ j-P ( Jjjl_ulJI 

* S s 4 , i 

£_a L/\-v- i ii V a e. I . .".VI ^ 4j| ^\j-i j ■ Jj -- ' a i_Lj^-a. i JA-lj ^ mjtil i* n^^ll 

6i 1A |~1 i « f.. -i2j !^ya V Cjl O I up f^yCt Lil^o Uj^ 3 *— V** 1 4liiL« oIKt^^Lo 

■ 4 l ft null 6.1A (JaH-lni'l 111 J <CjIj) >.ji.i j mf -A2U liil jj .photons ol <l 1 II 


4 a-i A ^^-lc. j nil i a 11 ^ i < j " II oLuVI £-o ^.a— >o.‘u (JjLLiIIjI (jl lj-i 

jj-o oU ^-,<Liyt j^L .photoelectric effect J>*-i-p 


^>-o JJX. Jj >-» 4 « I I j •( ^ ■ ? .!< »'> ■ . » g_L*JuV 

Lfjf -V l i I A j ■ .■■ a ■ ^_Lc 4 -ia^-oJI 4-lj Iri I II ^_)La- L^-il -1-4-1 4 jlJjJlJI *il n in II 



o^j jj-^ L ^°J j: jj-pj-ll lift u"J\ jij ■iJj 

~ ?= ** 




l».Lc. SjjLa. (j-tl'i .lii \ >1 J > *' Ci « (j ml ^1 cjljL^jVI 

^1 j_aV I <LJ V ^ p »j "-»j (j ^ Jl Jj A-L-aJI ‘ A ■--»** i i i^ I <_Sj_*_3 I ■ ~ > j .1921 
jijJLi JljLo <j| £-o <CjLj ^jj^S * <* ' H I jj& jLi IjJ <4. i mj l n l *ii <i ^.fl. ?\ ll 

c jlJLTtVI ^lc. 1 * «^r, I_£lc. j 4 4 >✓■■> 1 j *> a i a (j-°) ft -Q .1 1 < t g£J1 

5JjVI (j-o jil j JAc, 4_ajj <(jV1 ii rt - 1 ^ j) i Aj-o Ci m 1 1 Cilj^jJ <jl . c-^-laLL 

(5) -To • • 

,jLi <1 j1_LjI I ■ i > j -v ~ A. 1 1 1 <UUI jji. Sj-i^LaJI ]A i II (j-u jj-i-a j.i!l jl 

(jt-J 1 l) A^j 1! <LUJI ^)_iX. 4_o_jJ_ftJI <C.tl a il mi rw c_U> frj) -u^ll 

^ 1* 

Irf'-Jl £-JL> Ij_a1 _ 6JJ) uVt flj lj_Aj - ^yQ eilj-o fr j) -* Al l 

^ K» 

Ci$J ^-4 4jJ| J^jt-iTi 1 MJ <CiS_$JI dLlj XtjB Lu <«~i (JJaj 

jl .t.v.Vl Ijjj <<u^t c-Li jjlaJI Jikj < jVI J 

anni <l»-<»j) a \ II <_ij 1a ■ II ^ i iujJI ^jliJl j_il ~i <ti*i il ^ ml -iJjj 

<-La-^.i 4 _ls Jji. <1907 j 1905 ^-olx. j_u mirabili 

4_ijlj.-t.il 4 X in 11 CtjK ...J ' ^_-JI 4 i |<-|| -t II .1 ‘i i -> m~i Ilf jl^aJI 5jl j^. 

jl.i.a < 1-1 Sjl^aJl jj jijJ <uj}UI Sjlj^JJ f_yu I .it <i ^j-Aj <SjL»J h©3t capacity 

- ~ (6) * 

rcjlij 4_5S QuLua ^ <1819 ^11 ZJjxJLj .'Jax* 

P.-l Dulong (1838-1785) csj-^ - j 1 1 1 CJ ' "‘ \j ° ^ ^jLaJL*JI 

ciljjJl j<ac- Lojjj j j i -v <A.-T. Petit (1820-1791) J)-i_>jj _ (_)« u<Xl!^ 

(j) £— o <^ wi-^k II I <i^ 8J «a jJLl .<jjlj_aJI 4 » m II j^a’i j| j_<JI ^ tAa. I jl <<jjlC 
L^JliU. <dUj JJJJ Jjljj .L^.j) < q t*\ i/i ^_lC I j_A 

Cll 31 lit II I (| I ft (Jj) -LU-A ft J <Cj L iJqJLa II ^)_0 

- i»x p * 

ijuaMjk LoLaj Q < A*>l <4 <Aft^h \ a CjL^.jJ 

^-Ix. < J SJpU. ^Jx. J Lj_*1i_i_> I 1 0 « J) 1 • jj iijJa <_oj (5) 

yAy (<i ^J-oC Uf 1 j j_Lc. StiK* aJpldJI ^jaj jiJ <Li1j 'A ->■ ^ CjuI^ 4 -w w\1I l. aijfl J * 1 ">■ ~ 

♦ ^ l-w. \ va > ^ iZ>A,i i (^j^J ( ,Ja^JJ h* dki^Jl ciUj i * wall 

^ * “ ■» # . .. 

— fIaU — jkl ^C. j <L^jJ I (Jj^. 4 ftLall 4 ju«JI ju-4u <N^Lo (oy 

.A i-Jj jj frUJI {jj* Jcvlj jfcl^c 1 |Jj^. 4 jfcjJj <^1 




* J ^ 

Al a A. il £_o j a II (j_a I X wi-s Lijl j-^JI cAjl-uJI jl j , ^jJI * II <jjJj 

.Ajl,>aJ Li. jJ 


Sjb^JI (jl ^IjlsL j-jjJja £0-A* A ,<uu ,^JI aLjjil! jiLoj 

c-Lij-LlJI <LaJk la fat 1 LLa jl$ IjJ .LpLojl «-i~t > itf. J_iljj JjLi. CiljiJI j~o 
cjLa»jJ qJLl^ (jj-A-fi-ll tj -4 jLj v_sljjxVI (_j-Lc. j i^ > (jl < t X i ...MX I I 
ii J hj -.VI -w II (jA \ ' La ^JUI Sjlj-a. *La.jj (j_aj (J_j <4. u-vi ~i ft II Sjlj--»Jt 

. 1 906 ^Ic, L^jaJljuJ ■■■ >’1 alar, j v l" . t !,\ J a_^_ .j j| ^Jl 0 Ui. jjJ Lit 1 1 1 n Jl 

j ~ (j ~ oljj-ll (j) <iiLiiLi J_*_a la's <(_jA_)JLfll a ".< I <S j t ^ ,n II oljjJI jjJ J-5-1 

£ 

ajlj ~t_ll cjL ( j-La . jl^..a ~ a jj! — i (ju. J j stepwise a-a^j ~i « a-jI j-j— > A 51 U i 
a t_i.fi.ll (jLa IjJ rjl^LfiVI cjI j jJI ^_ajJ a_al_LzJI (j_o v it's _>jS V a ji^LL . iall 

J & “t. * * 

iSLLJI ^yo jjJS < <Ll11jc.11 CjL^jJ t 4 a-v>A <IjjI^aJI 

^_lJI J t < f \*\\ ^Jl <Li^)l^xJI 4 < m II oljkUl 

* . - 

Sjlj-aJI <-2^Lc a*i LJ J-C. IjjU JS La aw 

j * 1 a^jj^j i_jjjk jJ5 j .LqXUI *_a jj-a. J^al^S ^Jl <LjjIj^JI a «. oxJ Lj 

^ ** * *» ** 

<P. Debye ( 1966 - 1884 ) ^Ljj ^^Ljj-xsJI ^ya ol^i-uj 

£-0 jf\,A a a ^fll ^£. 0^)9 ml 4xmL.aVI ft It LT® >*vp H cr^' CjUjj^jJI (jl y 

. Lj % ~ II 


J-i ColSC ^jJI j«. t a! a a II ^ ...J ajV i Lx-aJhl (j_>l~ mi i 1 1 jxl j n.iV (jLS 

f^ya 1 i^. > \\ o Lai \r\ t a a A 1 1 ^ m \ U1 K II ^1 a-inVI £y& Cjj^y-i 

.SjLoJ) ^ ^Jl Y\ »^U %\ 4 «t II .Zj all 


4 j tjll ^J[ jl* l J <1 i^> i\ ^Ixaiyi < 6 jLaJI ^-fl ^- UJ ^ 0 l ^°>3 

^Jl JlIaaJI Jou^jl J^^ia oljLa^-jlj <La!j . 4 X t H c-\ > a 1 1 <aJiJI 

jj x *i. > (jl-^ (jlj Lia 11 ^ j j-a.lII <-x^lA ij <1906 ^.Lc Ipjj <^LaVI 




iLu^oJI 1916 ^lc ^ j^\ ^jJl II SjjJ <<o£. 

^j-o j^Jl^jlII ^JLu ijlj-JI ^jJI < N . Bohr (1962-1885) 3 ^* 

laiL^JI JL t > ^ i .i. ^ II ^ U \ ^le <1x0^^ II xAIaa ,11 J} * ^KJ 

.SjLJI c-J-3 ^Jl I o.A^r. <1923 j*Lc < j II II Ll^ljJhV 


.jxxtxoJI i e\ <TK iii/i 


LAjLljj i^JJ 1 -o -o jfc AJ ^_fl ^jL*. — pt ft I* II (jl £-OJ 

1? V 1 s’ 

j\ ). ' 4 ~i tjLi <CjI a 1 III y tj-a i_aJj-o P j I A. II jjl Lftj L 4 M jjJiJI a j *C 4 I I I j, V - a ~ i C.I - 
Cy> <_L3 cl \\~ . ..1 1 _ jj_a j jiJLc- ^V'j-.i j»J jl <<_oLj al si 4 a 3< » Cjlj ■ j~ j ° II 

<cdJj .^- oj . <js. ^cJLj d o » « ill SjLJl 3 ^ Uljj-a jjjJI -i a II — 3 1 1 .L> jJl g. l-o_v5 

jLj <^-j. .- LqJI jj -0 CjLIj j mi » Jl jj-a^l 3“° ^- a" -s - a I I i_jl _)Ja-ual 

j..; .-a VI LgJ ^ a i a -«■ II ,\ i <i || L^J i m-Q Ojl — lu l-i i * A 1L> a II ajjfc 

< t-S.ii» jjJI l a 4j 4 IM r. (JjIjjj ^aj <L. de Broglie (1987-1892) Jjjjj jj 

, ^ mC jl jJI P^li ill 


jL^' u^? <1 » Jail <oJjJLa jj.ll UlLma 4 jjjUI «GjiaJ (JjjjJ jJ |\ v\4~ JjlS 

^ iU~ «n*i Lj£J .relativistic *Uji ■■'' a cut.^ -.1 ^ ■ ...-. II j\ ,v. » .1 j c ^ il 
diLij i/silJ ^31^1 <axoJI 3) •.v> 4 »~ll dLJj 3^- Jj-*-°J 1 $ Aija g->s II j-Ajj*. 

p jh^II j»-k 3^ ^ --al l 3Jj _ geometrical optics (cjLjj^aJI) 

4 .0 1 4~) 1 11 n Ja^Jrs-k 3^ it' j 1 ?• 4 _.v _ 5 — "Jl 4 a jtiVI " ' I j * j ■ 1 a ^ . ..j ' ^jjl ^ ~.l > 11^ 


4_jj j us II 4 a it, VI 3^ (j-A - CjLcuJjJI j-^C. » *i~j Lalj-aJI Lc. jj 1 1 *\ a ~i ~ I *V» <■ 

(jjLfjJI IfAOA jjJ| 3 /tal l 3-° J 3-0 3j^J CjIjLcux J^ia (jit j-iujj 

principle of least ^ » <^VI 3-*^^ ■> ^ jj-a-ma La jj~a ^^x.jJI 6j_a^ .L>^ » ■ O 

(LjAjI j i c~i n.!l ^ ^llj mQA.il 1657 4^3*^! c?jfl time 

Hero of La^£j 4.I-1 -^^LaJ la u»~i a ji .u c.0 .P, Fermat (1665-1601) Lajai j > > » 

* & m ^ 
jJb jJ-il jv ml 4 _cjj .Catoprics <iJ J-o ^ -3 125 Alexandrio 

J-LC. SjLlxJI ^yliJLJ i 1 1J rprinciple of stationary time 3^311 1.^ 

IjA t jl iljji i<~»1 3jij d5 jLiiaa ^Jsfll p3MJI 3^3)1 3^ «j.8a iuaJI 3^ j-H» 4^ ^JLaJI 




(3^ ‘ J* (j^jJI oljl jiU I 1 1 1 uaJLLo a J ' ' ' ■ ' 1 * /itAr t tdnlfl “ iV 1 

A fi 

t aS i O-> (j,i uAj II 4 > ->■ '- ,> Ij .LtA-il jt 1 - 1 C. V 1 (j^>JI (jJx. <J j) j 1 1 1 1 I (j n I inTi (j*\ ft i 

4_L^.j ^ U ft i jLutA II (I aJ_m tij) i_Sjjlj i. i i*s :4_JlllJI Sj-iiiLtx 

ixS^i (jl A J J ^- 4 <^(_ y l r» l a. jL.u a JjJo 6 jLijjl Ijj IjLi ?(_gj i <*-i 1 L^loj 
<<ajlLo jjJI ^jft$ ft II (jt (j-o «CJ -ij (jt £^ojJJ IjLusJLal (J^AiVI 

S Jj X a. (j-a pXjJIj 

• 4jjlj}M <iJL 4jL>_>Jaj <Jt — iii n II Pj)iO 1 1 <iaj*oJI ‘Lijlri > II (J-Ad-Xj Lijij 

"'e.® 

^j-iSul J.i.-n ~ i i j ((j *"~ >~ o (j i~ U a i jj-ij a >5> _>l . 1 1 -a ^-5 j^i’i Lljl 4 1 1 

4dLftlj Ciljl-I.1,1.0 jj-fl AtiJJ- 1 J*\ ft'i 1 .(3-7 jl mo II Ijdft (J_^L LT^ '-j 4 '_)-lo 

* t * 

4.Ji»ftjJI - 1 ^ il '(jilt- J i m~i CiLaj-o d^^._j £_o <JjVI jl i ii n II (j-o Id^a. LijjJj 

oLa.j_aJI uM <CjIjLlu-<JI L$_dl J_uaj ,_ r lJI <jl^_lJI 

destructive LoIj_a ^LklxS JaLa-aJI pLUVI I1j> ^ 7, ■^-*-,> Iaj 

_p ^ ^ ^ 0 •£ 

pLo j -w a 1 (_y.Lt (_£jJ «4 : < C^. _^jJI <Si^aJ 5 j 1-0 a 4. n III .interference 

.pLoJI CjL=k.Lijjl (_y xij j ‘ l If j JJX. £_a 4la._jjs Sjjd (JjLSajj i*i_i.-t 

jJ)JLj jxj (j^s j < M >Lfl 4 alt-t fl j J-5t_^o (jljjja. <d jLulo (dJj ^-oj 

5 s5 * 9 * * * 9 

JaLiUI I j_A ^ in 1 iLloJLj 1 «A.» i VuU i 1 

pLJI c.L^ ,_yi LAjI _^VI ljj» jiLil .constructive interference plL 
** £ 

(_yj& SpLaj 4Jj _ > JL i CjIjLuilJI (jl . pLJI j-Lijjl i^jLlajj 

* * S e®-_ 

_ j * . V ' _.J I 1 11 a 1 Lo ^ c, c. _ I ^ *a" ... a 1 U. ^ 1 (jl (3-° Lx-i. 7 . ij a I! 1*1 1 1 

' j 1 a a II (ft^xojl (jjj 

4 Til -> 1 (jujJj (1 41 1.1 i_fljJLj v p J lAll .g.^> *k 11 a.XA jjSj^ (_y^ (jVI 1 ^ 1 -^ ii III 

^ 1 Aa. ' 'j ^ ' ‘Cjj. -J -* * o VI 

5 » 

^ ur^ VI jJI j l m a (j^ lia. 4_ujiJI -.Ijl ... aII (^J i.-.IjI ... a II 

I n, l'iC J la^ • 4-olj^s J-iil plS^JIj J)^L^.IjjJI QJ .LuAjt > I j t A % ,t 

I t hi. \\ A 4 a . a" ... a II UjU^. II ^ ft 1 1 V 3 lift .j-uaJai P j .X.I1 4_i>,i_j J cJl (JI_^taVI 

I I ft I/1~| (_yjj| 4_|l j 1 II (J_4 J IJJI-I ft II 4 . | ~ \ A jJ C 4 I A^ J A (JljJs! <jL^S , yj 





<lJ . \_ il l dUa'i 



4_>1 g \ 11 dUa*> 


. d't a Lu^j I *> a IjLuiaj <jniua > >L. a > jjj 1 UA \ <r> \ jLuj-e, .^^laJl J^ m.ll .3“7 J^ 111 ^ 

* £ * 

La jlxi <4 » 411 II ^joa*. t ^LilkU La^_jt £-a J .£-3* j-xJl Jjix.ll ^ i- ftl j Ux j^a jLtu-o J£ ^^-Lc. L x a-^j j 

VI {jA <LK <Lo Jjx 111 fv" Ijlj .l ,K jll» Iijl in**» Ull*U! dlnVJI ^Jl J^LkAj 

^ Cjl » i.. I I (jl ^_fl jl 1 "ij lc . ( Jl * ~\\ 4 J-e 1 $ < A > > UJji £)IjLlu-o 

^_fl j . I j 4 <LlK.II <L» iiiJI J« -^ ■ I JJIt j < <_ol J_A d a » j U > J -xl. i~ " j <Iajx 4 a I A -A. ^ <UjL^_lJI JoLil-JI 

6J_A .<U_o ^_-x I jLuxaJj ^ ) ft“ iiia ix~k. J^ iti ^j-Lc. j' ... a I d ■ .. a . , ,t< .1 1 ^iiLujJI J^-JuJl 

J-AJ. V J (jol .1 ^j-a Lfl-iAa..i 1 J_x <JLx* j djl ^ All 4 In ft*i <Kol jJI £"l j-aVI J£J Jj^j tdJLxJI 

jjlaJI .jLuxa J j X iJill d « J -V 11 JaL£ F-UacI Sic. <Ul IjLA £_y& ^Jialal m‘l . <Lal J-A A a *jL> . 

^ » al ■ ■ . a. H LA. II ^ya <_ujSJ| tiLt ^jfc SJjxxja Jlx> 

•tioKlI <Lij^JI cjj 4 ml j-ij .< uujU cjLij j^-> i <t_ijLij >4 II j 4 ^aJI^ optics CjLiJ-J-ia-iJI 

4^j — 1 _> •> < ^iiii jj-o J i n t l (jl <jj1 <4 .nlj SjxLS (jx. ( JjUJJ 

SI 

j •4^-“* L^° {alaS sjjaill ^1 jliliVl 

. .. . . . ,. : a J) a ^ 1 r <^Uol> JiLi ^lt 

(j j » _> .Csl ft i iii-s II ( j-4 jJajJI ^Jl J ft" ’•- lj / 1 ‘i ‘il A 'll ^_s J. ■ ... a~ II I A A ^ i *i I 

4 i-i> J . ;S _S 4-ii Sjj_^aJI (_j^Sj| <UujI^j .Ir.H ■*! t*»l^ » «1 1 Llfl j > J-. ..-a., .•» jl ... « 
** ^ 
lj_A ^jJLj l xjfLoj jLmIIjI ^JL^. ^_a <j1 jjbj .(3 jj ^ II ^_a L\ 4j L£) 

<1744 ^Lc Kll jLxu-aJL> ^laG AJLuc^ < a-^jli 




P. L. M. de Maupertuis (1759- jj jjj_o ^ ^ j.u 

.jLxi^JL Ja jlaLo '— 1 u.^»-i (j ' a~ i ^-»_uia. 4^1 in i (_g;j-ll jl moll 51 1698) 

I.' ' n -in ) (^jjl 4jj I ^ ^Jl £_SJ .Li_jJLtol action J » 4 II 6 La-mi 

jrLa. < '~ 1 ^ <4_»jLij_iJ L$_j-o 4_»jjjiV Ciljl ijfcl d-° LiiUajl jj> a o VI ij » £jl 
51 <_*-£ <Essai de cosmologie (1759) L^ja-cuj£JI ^ <JLLo 4 J iij 

/ 5 * ^ i 

(Jjj I_> U-I* ) V_) 4jJaLuxj ,^_S UojjLo V (S 1 £-° j* |J > -mj-» V 4-UI JLa^ 

1 J- iA .I (_yajJI (jl 4 jj_>JI *jjfc JoA £_J_UJ d-°J ..' $ -a. II (j-0 ( j^ A n jjj 

* ** H S* 

fi ^ 

j '‘C l i*1L.u.i <i~iV 1 •%. I I jA< 1 <j\ i ary II ^jLv jJL j i<-iVI JaaJI 

principle Of ^ 4~ m a II (J-a a II I. > » » j_& 1 j I a 1 1 J 4l J.nl 4_oJi IjJ .J » a II d-° 
.jj ,^VI JjdJI ol j t •■■-_■ d muTun LdJ «<1 =LaJI iiijj .stationary action 

^^jJI 4 JI mftll Lisj ^LassaIx. action « ^Jj. £ 1 1» (^do^j-° uLjju d^ 

(jxlSj ^jS <tc j t_v.xi.ll ^ 5 <4^_ia_l^ SjiaJ Sjadl jJLs <dJ3 £_oj . ( »_i 

in t^.-i.u II ^ AfaLi^Jl (JaS d -0 <Sj '8 a (j^-l tl 1 iALij 4 4 i 4J 4 « i i<-i_i LijjJij CtS^JI 

iLc 4-iljJi 4_itiL^_j 4 JL»_ua 4 J <L. Euler (1783-1707) _>Jj1 jjLijjJ 

d) .J. L. Lagrange (1813-1736) ^-il>cV ujJ ^-L>j ^ Jl5 d-° 

4 i ' j J ^_A <1 ' ...I ...yi 4 U a \ II :La jjLa-~i 4 t,j^jjLlJI Cjl J- iAxjJI i j-i 

jv i i.i-^.^ _ «.'(] II" LfjL 4 aK.II _ JjlaJI lit i-\ iijjca 

4,aj> ^VIj . J* ^i\ -aJI jl <jJLi^ 3^I Jjj o'- 1 ~'-. 1 

i-i ^JS _ 4 4 'I jjj.II 1 a 1*\ A xC .1 LlA j _ 6 j j~J ia 1 J.L_tl 4 ) d- t w J 

lJ-j <LLo ruuj ^*UI jLua-aJI <1 ^ 1 m <a i jm •% II i 

• jt; w~«, ' ** * ^ ** 

^ » **' f 

_ Jjill I 'I ,^~al jjL'l 4_La. J 4do »"*« ■ Vi a J J-^-4 (Ua^jl jl . u i aI I dj-l t u ' 

jJ_toVI 4J-L.4.1 j^jJI “LjJjjl fji <j*o Vjj 4jjy_)JI 6 jjs ^_jLLd _ d^_aj) jl 

sL:li 

oLij _i I I 4 i ihLujVI d-'jlj-^-ll ( j-*-* 4 > iti II d-° jJ J-4 j J 4 I 

d-aj-!l lU-LAJ I n (j If. j II » ~l II d 1 ^ ‘~*1 * * “. C II ‘ *' * at « *A 1 4 < ...1 ,,.VI d 1 'I J-Lll J 

^jjl <j> i IM^ II <LK JU t-a d^ <S^J3 "LT^^ CT^ - J * ^Vl J-» 4 ,11 Ij-»AJ Jjt A-iVI 




(jt a * / j * ■ JjLfl <Ci£. ^jJI jLu-JI 4 a V > 1 Jaj <GLj ^Jju> 

“da-iJj-0 iak^aJI jjlSiJ j1 <UaJ_)Ju < d iA.U (J a .» " m*i ^liJI dJL-ijJdaJI ^jut'i i 

j> » "■ -v II > <Ui*j«fl £^l^_oV! : j -4 jl.i ls _Lc J .^-» ->■ '■ j jJ i c. -v » ... -^ II . 

. jjJl ,JJj <dlij ub ‘ ■ ° '(] H j • » ’> a II jjj CjljLiii-aJI Ji. >■ i-iti's"' m~i m 

" a j, . # ._ S . 

"<‘l ^ Ijl j»_c 1 Ciljl "I n jj_sl j-j j <(J_aJLJ (_g _5_S jjJ Ijl^ I n 1 j~t III o Ur»-7^ 

s-Laj ^Jl jjajAi'm _ CjI mjj I I j Lil^aJI Cj^-jLa_o _ (_£^jJjJI 

jl i^t'i £_a LojLi^a aliill Ij-A ^ uni mj j l*it~l_' pLliJI j-o J - ?-■*-" ■ J 

4 ' *1 1~ fiM II d JljLtfl <LL$-j (_y-Sj <« 4 jjLaJI ^Ij^^ll) 6J4J jda.^aJI (J^jloJI 

d jLu_i J .f-LAaJI j ' r I 1 i ... i ' A I. w^. dj jjLa.ll pl^l -11 a 11 Iaju ■ ■■'* I ■* , I ^ \ a 

oljl ina -.1 « « ■ II <(_iS i*ll m"< < jjj_jjjJI t *Li'iL<i^ll j_>JJ jl 1- *A-» <(_£j^.l 


diii 1 


j^^j-oJI Jj U I I J jLlX. ^I~'i~> ml J-ijjj jJ J^Uai-Lul <<t_i_iJI lj-4 ( j< ru>-4"> 1 j 

4jjLaJ! <GU.^J 


h 

= JjJo 

Lf J^Ji j tijjy/ 

^ 1 ..-^ I momentum (<£ ^U-U l ^UjuVI j o-> li h 

CxjLii j^_a .(3 (J i«-~i $ II a I_Li!j Lo 5>^ dJLc.^_ui d~ LlX J ‘^1 -«■ 

jl jl ^ j ^ ' S' 

I’Lml 1 1 j i a ^_Si (J-j>.. Li ^ ^ » d II 1*1 il~i II lj_4 ^ a hi cdj^Li jl dj^Li 

o <1^JI ^jI cals / 3 * A r in rtj SjLJI 

** 5 s 

iJ- A . ** ! 1 1 IjJ < j-lr> -t II J^LfijjVI JJ-S Lfl-oLf-uil j-C. 5jl_L»JI aj_4 ^Ld-nj 

^ * "i i ^ t p 

(jl ,< <-> j 1 1 Sjjljjj) <jda^0 Jl^lol L^J (jjij (jl (i_jSljill <(_^oLlll <Cil_>£-!l) 5j \\\ II 

** ^ j, ✓ 

(_gjLm i < jULo «UiLjJI J^l j jj-o d-C. J^I^I I l^^aJLa jj^~ Lojic j ^ j-aJI tilj 

^ ^ -35 

<^P^-u t*Li>K 1.0 j -0 (J-oLxiJI IjJ j In a i Llj^Lj ^A* 0 1x10 

^ t^y> A'\\^ J 




V S^t js~> 111 <Lxa-^oJI ^•Ij-aVI (j) Ij-a. g- ( _y'>l | 8-all (j-e (jjajJj ^IjjJ (j-° VjJ 
^.l Jtl.-V.yi l f jlL l Q|A *1 f 1 ' j 1 -- -^ l - ^ ’> " J ujl 1*1 » *«l ^ » A II M ~ 

(J'Vt t (j jj-S jlV.II . <_ij_j_ajl (I^LjlJI) <(<Lu j*' ■ ■ * 'I " 

■» % * * 

111 <s> A II 1 i\ f UjjI ^li jxj ^j-a ^ <1 J'v ^ s ifl'v L$J>^ IjjJ "v LoJlx. 

-& t9 ^ •'' 

jJa5 <AJ>o j-4> Sjj (_yi ( ya.jjsJI JjkJI L^JIjLl ^Lfi 

« ? •» 

■-iJjsZ ^yJI ciijjjSJVI t _k. (^jjjjlll dj~'Kj n I I ^- mWi (2)U (J-aj <SjjJI 

.J^lLo JAC. 

f /* 

4 il ,t,-'<:v )) dLljj c5jlj-a— i 1929 ^Lc. Sj-jLa. iJ-*j^>-> "* «-i-t-l 

^.4 LoLaj <a-> n <jSj j*-l SjjLaJI ^-Lo <1 aJ <dJj £-oj ‘OuA.^aJI <*t lull 

tCiln > ..i.-Ol ^ ~v ^ylc Jfrila n 4j^.j-aJI 4 ji_ijJoJJ Jjjjj jJ < 8 jA ~i i : I (j a i 1 4~ 

C^'j <La.I^1sI ^jLs 111 <cil n 1 1 n~> II i. i-vl ^Jk cjLijjj^Jyi -Li j cjLjjjj^JVI ^1. V 

(j-o) Cjl -A I m -A II f^ya <-fc j ay t) jl uiy I V (jSj <oL>jj "i‘C IV I jLa. j_y.fi 1 .1 -a. 

j _ * 

4 U i t j a <1 i *v^-a iuu <1 A 1-nJI A)-o .L^J (_jjj_J j . A! ^vll !^9 .(jajljJlj .CjI jAJI I (j in iA 

lil i*llln~t O^jj^lyi d)l jL^-laLi l.j. y±Z 4-l^j^JI 11 jl blit J j_a j Ci ill i5j <L^_i 

o >1 ^ C^"° ^27 j»Lt ^yij .jrlj^jVI ,_y-4j ^ljji!iLJ iy^-a <L \ ^ o L 1 

jjl ■-■ x *»i <_iV J— i^_j Sj_jl_A. (j— o IpJ>_^ C. Davisson (1958-1881) yj — m t <lj 

G. irjj^ ui f-* <J ^.»jl ) u-° ‘ L ^ a - Lu '>f oUj^Jyi 

J .Aberdeen ,_yi ^ ^Ul .Thompson (1975-1892) 

el iii f. j_lC. HjC. » *iTi Lfjl O, t»l 4j^( lilij ^>-o <~i 

' ' y o s -£ + -/ 

G . J 7- a i jjl jialil <isV < 1 « ■■<! I ^ ~1j .i~il‘t tj-aJI ^aaa '-'Ajt'l <CaS ^1 dlj iloj 

J. &jJlj ^-1° (j-* ojo^^y^ ul o-*- 1 P- Thomson 

.juua. (^jjj^y' o* ^ s^jLaJl J. Thomson 


ijpla J-ee a ^ ^ _j_aJl Ij^ja jl iiju J _5 J-U J jl jLfl i. a Q j“" La J i£ ! ’ 

(jlj A-fl J ft *v- 1 1 ^_flj fJais ■ fl l* 1 cliil jJoj ft>l *JI S j kaU L oJl A. ft I ._V A J J <u"tV X jlu 

" j 0 

.liilj Ia -a Mt *y ciV^ 0L9 <6313^^ 4 a tr A. a oUUJL j ■■ < » 




1 4 1 ‘(JiVI (ji £jJj SjjDI LfJ-S lTj-aL^ ^^jJI “CLao-eJI ^1 <jSfl llL-aj 

5 J? 

(jL£ L* |». g aj fJ j J ^4>4-*-* Xj La^alj 

5 jLaJI duality <t_uLi!i ujj Las < JJj .«<-»jLoJI j-aVLu> 

I a II U ^ jJl <e ^ i.o ,11 Jjl .pi a i <ii J 7I j_aVI (^y-a (J£LJ 5 j->-a-o oLo_cu La-^-$^LLoIj 

„ « _ -» ^ 
.,-■1 « 1 ...^ II (J^Lo ■ *j 'A~ ' 4_jtj ij-d I (j ^ J <J (jl Ci i*lt .^l^oVI 4-j_ij <j] i_ Sj-C. 

1 0 ~4 j <LijLj I ([ -a. j l$J J . ~ . iM .particulate 4-iSjLsj L^ji ~ ^ j c. I ollli ^jJI SjLaJlj 

i_i » *S a Jl Sj^_xo I „*>,*>, ft j Lr _a £— o-lj A j_aj .<La.j_a C' il I a*S i_Sj_^j_i 

1 uij 54^ l>°j <L*jja 544 Cy ^ c5>^l ‘(12-6 J 's ml l^ 

Sjjjj j_L> ‘SuvU-iu.ll ‘LijljJyjdl ^ 1 A I Sa II jih»t i (jVI __ycJ (^jJI (_yujjAsJl Jjl 

i 

jj I o j~ al ^ ~ I I (SjLaJJ <l^v ^aJI <».>.uUJI Ijj Lojic 1 926 j».Lc. <Ci jjj 

if * 

Ujy\ ^ .^a-jjLa jjX (i (_yu jj_i_S » I ~i I In i<-i a I in- ' j ' ~ I n. «nlj jLao J-Sj 
3 11 1 ,,. I j\<j jdLc. /jX. jxlxlJI ClJal "1 1 S-lAUI 4 i*C » , ..MOl C-l jL ij | 4 1 -V 1 J. I~ II 

^ ^ O ** ** 

(J-jLs 1 1) .ti ,.' I'A-rx-ll JJ-S Ijlj jj-ijJI ‘jj-LuJI jLa^ uL? 1^-* •l - n fl S j <jLla-jj 

IjjLua 4:t»L VVJ 4 >” \ j tS jjj-7^11 j-Ul uk% II j-o 

J^WJ IiXA ujLL*JI I. ^ < m^s .Jj << i 1 1 1 1 A t 

^ il « II 1 \ a a I 11 tiLul^j-aJl ^-jJl ^ial mjJI ^jX. 4 ->L*aJ1 

O ^ 4* ^ 

^j^LcAJ i ■ 4 n i*S l 111 A 11 P- J) iAll U1 dLOJL >n 

W. Heisenberq jliWLi JoL^-oJl ^^jLoJ^I : Lq_a U\ il 

E. Schrodinger ^JLl — lu ^ — m \\ 11 m & \ 11^ <(1976 - 1901) 

4 1 /vl \ \ 11 .~yl > i^.1 A. 11 . .1 ... i LjJ ^ <t\ i n~ oV jLx^o Ljl. o IxLt-o biiJ .(1961-1 887) 

JjVI cr^ uHJ4 o4*^ (jjJI ‘Cil «_> .ii. -01 

wave ^.j-dl ■*!_' •>!<_. a l l ^LUIj .matrix mechanics oLijJu^-dl ■>! .\l< . a 
(jx. I a . A l j_a.[ LoLaJi (JLsJlL^-j j i~fl i iaII (j-juSt-A Ij_j .mechanics 

^Uadl ^jl X 1 \ Lo .1 iA s\ l ^ d j'd A U jd <(^>LVI 

JLU jLlA. <JLcU-0 X -tojl Jt*\ ,A 11 ^j\ *| ^ iAi.L4.ll ClJ c. IjJ ( 1 1 -i^Lj £jl ~ 0 tl-U ~ ^ 

(^jLJI fJLaJI ^J-C I ^ ki^i << a-LaIaII i-o-IuJl 6J-4 Jlo CiL-^aL jll 




Jaf ^uV.r» II > L>U. LqjJ t \ \ 1 ^, i.«.a t IjJ (A\ e\ i j ^ ^ n J^jl^La_» 

<jSfl ^ a a j ju <La^-aX.j ./jLjojliLo ^,ilc.l.4-i^..lt <j1 ^ m i jjj j[ <_)^.l ic.Li-^a 

quantum ^ ^ 11 <il \ \ <\ \\ oLi j> £ <**> ^ II dl_i3Li_»-o^ <*l \ *1.5^ i aII g_ij_A 

* ^ * 

.lj£.Luaj ;jVl (j-o rc IU iv^all I sa J n*~ rn\ ><>j *m 6 chanics 

jl II dL_»l^j_oJI .~»M * .^> q~ ijj^v. \ 1 1 i^j 4 «il VaII Ijla ^o_J 

•*p 0 ^ ^ ^ ^ ^ tf 

(jjLil— '-UJ t” gii j ■ II ^Jj_oL-LU <cJJj « LlI <jLj^L ^-0 J^-tJJ 

*tj * <**>1 foil ciLoLajj^ ^q s 3a^I1 i*LuK II dLc^LlaV dJjj <1 \ w 

«a ^ w ^ "■ 

La^-lC i*1 ' j a l !.■ i'i^I t<_<iij) mi o II j 4j-jjJlJI jl^VI 3 - * 1 v ^ r *t (j -Tpl^a cLaJlC i_i-^ t 

-« , Sip, 

•^JJJ J“ 

‘ < ^ '■ J ^ I' 1*1 p‘>1*C 1 n II ^__i_La_J t _jJI ((J, ' -p 11 5 jLjl Cil A III II J (j itll (_5^l 

,14.1 .1927 ^Lc. j^jjjjLA <ALi^a ^jJI ^uncertainty principle i_)L>~^VI 1 s m ^jk 
J^la Jj-i Jjjj jJ 4 j5Mc. *LlAj - j Ifjj ,jJ| J-***- (j-S £>-“ 

^.lcj ■ j\ > pji-^tJI ii^JLa Jjjj 1 a,.V\£. L$J CiljjutAJ “Laj ^1 _ ^-iartJI ^L&AjVI J 

1 *. > I » a *(' ' ‘ 1 **) > 6 *©~° iJLojuLujLj p > j u-^t ^5j^i \ i ' Ljjj.i Ijl « JULoJI (J ii pii 

# ^ p; 

<-5jJI I'A-ij - 0 Ijl t i-"v H J.i^>^j ^-Lc. Jl^. 1^ |J1 AJLUul 

Jjl, < 1 <| » ~| Ki'i ^aJI (3yijill Cxj^ (3' l - l >J - fl JjAa-j 

■ ■ "■l<» jl p~-s.l i *^t (_j3c.1 Hsj (■ ( y-ui (^1 J ip' -%.~i L\ l\ . a i V (Jjill J-ft-^p nj 

~ . ..I * a t *Jj 3-°^ iti II ^Jj^o 4 ^SjJLp3 *LLppJH ■ <« p ^ jjl A i mV! -L^. y-o 

^yS 5 Jl ■■>■ ~l (3-° J-^ t-^yJjj (£\ I.' v ' -p ~l I \ o I V C-J-; A.II 

pjiaJI 3^“ ^oJI *01 ^jlal (3i^ - O^-oJLi ■ pin II 3-° *— flV! 5 j hia JI 

• i-.pj- jJt I3Aj i jla <j|ji 3 -a ^jJx .1 <ijj 6 jJ .p-i^i ^-Sj-a I LjJ pp a . . i . V 

s «* 

Cil^J-apal pluLap. j-OLc. L^J Cjlj-p<al Jl a «~ i J ^^ic. Ji i al 4-p II jJaj (jfjJI 

( 8 ) •*» « 

< La j. ' ip~i~ Cil j) i/iVI ^Xiaj LfJUil JJ3 ' > -p ~ ^ <Sj i ip~i< 4 . j n II L^JI^Jal 

J^jJa J.I I Ul ^L» Pill Jl .ftA.~t-.Lul <1 a i.I'i ‘LaJJ 3-a Jj V J-*^ < *-°-* t3^ 

j 35 LajjJS 5 jLil m\ <>^.i ^ tJJ jjiiLiiJI <-La»‘t n» > ^jJI ^ ( 8 ) 

“ s r 

J t /s . . . . .. 1 




mi <lli tl_a_t_LLLa. j-S Lad ~t a 4 tan -s d ija. 1 1 J|» in ^-ti. J_ a 

6 ' JfjSf J j <>« (j-aiaJLuij (jt Ijj^ajj <elidll ^ya ^jie 

o' 

J - 1 - 1 '*^" 1 die. dld^>J (^Jl J j«'ix - l l ^ Its I I ^LidlVI 

Ljli jjLa ■ a« ,A\ lllli ‘ ^ ' ..■->- II j-ij-aJ I M tj< « iid ajL^j jx jfl Ladle lllli IdSdkj 

I* 

(J_ao_jlJI j^ya 9 ^jlJjLft a * I J-1-uailJLi Lfl 1 1 1 a II add ij ' I s. * 1 J •^ylajvll <eLidlLi 

C) ®J J d J i. l l < ->_m'iI I 


(_ie (_/ii v uJvk.ii ^tijiy/ ^Lu^y/ x Lr i i_jL»i j 


y / 




(jl £-a <<Laj_ 


jLIjVI (ji £jjljl 


iU l 


I-..U 


^jjjjjLft ^L^ dii jjoj j ~>. 'i j-=Li j*J Lai a\x<raj (_ylJt *L» j ^ -s .aJI 

4 ijj_aJI aj_al .j -,3 j 1 1 i^jal - I 1 ‘~ j~ I Jiid (J 1 1 ~s-l 1 4 -i^aiLl. A ® ‘ -~~J 1 • <1 iljVI Idea 

+ $ m t 'it* "i 

a. ijj I 4 j l «** «*% I rtf I l-v i dll^ n d-v m < 1 1 1 a a I I 4 ij -v 1 I I ^ U. « « lac <£_JaJLi j < 1 « II ~v I I 
o ? * 

a.l».ll ~ 0 *» « II JJ-S <-ljs."ill jjd iLa^&e ‘jj -4 (_ylJlj t<..ilddll i_ijl s- 1 II 

"i I *■ '.I ^ t l iJsTtJJ M-lU ^ II S II -. 1 ■» II L)M 1 " ,J ~‘ I 1 ft 1 $ & (jL£ lj[ 


^ Li^v II ^lidlVL LujLluI <lL&Ls. c*j15i (_jlll i^iSLi-uj^l^JI pLi^xsJI (jl 

S^iolll ^ I r A l'iwi idli^Li Cull (yC. ')! j .oil jl>ill (je Li 1 m 1 SjJll JjSl 1^1^ 

. j- _i 4 j*S iidJ da.lj (jl (J-S I ^j*s a I ^■yl ns .JI ^LadiVlj ^SjjJI J)l (_jl.ll 

<_ jj, _ , f 

Li_waj 6dC. i_ i s - i (_^dJI - cjlaljVI I d i - ci I (j*N a_i 1 Li 5 \ '.jJA (jVI jj^-» (^dJI Jlj-^l J 

i-i < 0 ^11 (_j^ (jl - 4 i< 1 m^l^JI aLjaiJI (je IdJd-i Id ! *~ 'Ij '<!« ■ iUI 1 Li-ml ml 

<C.lidll J ^_i-m,-s ^i^a (j| (_j^ t'l m^l^JI pLjjjJI (_ji ^aKj ~k 1 1 ^_naL»_>JI 

IjLlu^ 111 jijl < Li - s -l ^ I a 4 1 a (jlj 

55 JS £ 

.j>-i.au.^.ll LaLai Ij, i.-s.a trajsctory 


^-< ^~| I_^JI (^a (jj ^- 1 cjl i-i'SJ "c 5 ^ LT^ Jj ^sll ^ X mil I Y\ a , j 

:<jll^ t<ja.-s ,1 (_ji iIIjljjj^j (jl 


0 — *-2jyJI X uJvk.lt ^Lijiy / — ^Jvk It ^ [_fl J_j y / X *-2yajl 



jL^j i < ~i ' » fi <j l-» a *1 /jX. (j-i" t L*k ,j J « I > jJj-oJI jl (j"l » a H Ijl < JULo-S 

6 ^1 <3x2 jjJsjlj <JjVt (j-a_»Vl iV.~w II (jLs <oIj-^j 3 ■<<_> ^ .. U J1 ^Lsj_>VI 

«* 

(j^ jiiO l-ag 1 j-> J <CjIaj^ j 6 ^1 <2x X 3 U*J ^HJI j <C>lsi^j 

La LJLt l-l^-Q <<^-a J a^ll <*1 i*iK 1 n H ^.5 j)£J < (j 5 t.fi -a j -^.1 Ij^, , 1^. alxJI jl g .ujil i^jJI 
jl J £-i>j«cJI <jjJun j^ j<UV> j? li£ LaJ <J^sJI (J aj . I P | lot -L jj!L> 

g Si 

< isu-uaJLi CjI J ~t j 6 c^jL^i jl j-a (j- lSj^Lo j^j^j jl 1 t i*S aj jLfi i JxJ j 

(jjlAJI ■' ~k II jx. 1 a l"iA a SjLuull *j-A ( j-s JjVI II CxJ-*-* J (j^-a aII j-o-s lil 
<L 3 jLc. J «GLijI jO. tin Jull jlxt. ‘.VI jt£ .dLjjLt Ci-ilj 4 _ijj_a j*a jl-Vft a i 

Lfj-a ji^ill <sj?* f 3 L»JI jc ^j£.j < c > . U 3 j l ^LijjVlj j-SjjJI 3b? 

^ ^ £ * s $ 

j_kc <SjLluJI SjLaJI 3-0 3 aj '^ j-aJI 3^ l«i| 1$-*^ 11 <3^-o-> V 


I h dlj^Ll Culj J^b (Jj 

ft = £4jjaJf X £ LsJu^f — ^Lijjy/ X £-8j^dl 

3 ^ ‘_ ^ * <JjL*-oJI 3- 0 j-aJI 31 3j-*^J tsxll ^5 j 

^ - * 

3 ) 3 V I 3 ^J . ^ j-^o I jj-i-juj (j^jLi-oyi (Jub er^ c, 'i <l^>-Lco 

$ * * 

<_-”>l^lsl 3 s >— t*v<« > V It I jut>-j Ijjk j 3.1-^. jjj -00 <.*tfL! < — ra <_hjJ j h ljVI JjsJI 

jJ ^ ^ ^ J* 

IjjUuo j "■ <*^l '~y H <1 a > a ^ lj » 1 1 1 1 a Jl JjjjjIjj-lsJI (Jx? 3 ° J a " 1 1J i mj i 

j~ « i~~ <f X ■ ...M^ll aLijj-fiJI '~3« *»■ ^jjb j <j5Vt Sj-uui cjLix.Ijj jA-naJJ 

• ^ ■ “* 

M. Born (1970-1882) « a_>. J- t-aj Sa-cl m a < iA-^j 

(2)-a J— Ui-J^l J. ~k I I JLkjt <L5_J_>-la P. Jordan (1980-1902) 

pLifiVI tilt -jj-a^o^JI dll'll^ I a II jjJI < j 4 -i^~i 1 1 j_iLi-&JI <S_^i^^l Si jl .tti ft II 
£>Lal Jj (jl Cul -<_5>Ll iLjjJa J-=iJ Jij 

(jli <(jl i in II ,JA.IiijJI aa^l jj>-> <3Ij <<* j ILi Lo ((<Iojjj-o)) <L»jLo 


<ih/2TU UjI <h Ci^ujJ .s' j l '■■ t 1 JjajVI '**- ^ ^j-£ < < > a ill tLuuuVI la "“ t i (9) 

•~1 iwjJI ««ill JJ.t-11 ^ • t t^~ II j.K 11 




5» 

<Jj)^ mjl JjLflJI j Lux-o J^Jo ^-ic. Cj_j uu.il Cx lA > ^jJI <L^j-oJI 

j^LaJJ g-l ja£. Lfjbjla ^j<i aSlaj <L^jaJI jLiA^f Jx.I^j 3 jl^AJ 

4_1jLla iSS~' A C5~^ ^ r.l j-Vl l ill 1 ~ .Sj^j-A .^—0 l-fl i t i ^ jJl jl <n a Jl I J_A ^ 1 C- 

i _j 1 *•*'(10) 

jJaAi ^)-o iijLJl <_2k. ^ aJI ^ xfl xxJI <Jj1jlaJ| 6 J_A ^ i > > . jJlIxJ^^uj 

^-SJl < fl it in It <J jLx aJI jn fl > 6-° SaliVI I i d-c. L^_c^_uoJ <j! v >.*>..> j <_s4 

^-o jl II jjj I j « « S jliVI j^^Ajjjl-A <j^ I « l*> <» i^liajVI j ^-SjjJI jA-An 
^A tlr.l, t—->ll llK iajLjiJI *» '(1 I j^aJI (j| .* LSu m j^^JI «-Ljj_l4JI J^LjjI 

.Ll^aLj Lf jjjj_>]e> Ja^. ^jjl i_ i> mi l 

iM 

Jl *\ ui^f < I .iALijJI oljLjJtJI ^J-C J (jJLLaJjj-xu <JjLsLA J-^-» 1 Ad \ C 
J _» j * xaiuj V <«<-ijUI 1U JajLLulU J-3LJ jkJ .iijLoJI jrlj-oVI 

~ tf ^ ^ 

4 * ^ J) -ft- 1 1 <_Jlj_JI ((4-Jljl O II 4—2h.^ A-ll» J ij I 11 Q III! ^ II Q I K A II .<J 

ijA-LalJI 6j_a JajG-loI-uj j <(5 J-u^aJI aLlLLS ,IU w3V6function 

.IdcliAi ^j^fl O -0 

1 \ \*S A i jl :^-1 jlaJ 1 ixJLk. j i -iAljj <^I Jj-% A ‘La-^.jaJI Jl jdJI <Ti-ui 1 1 

‘cOs^f <_>xi^Lo <-oj5 ^J| 5 j jjJL 4_»^L»J-xaJI 1 ^ uaA ^ ^JL^Jl ^ un ^ > II 

» * ** 

5 J_iii i ^k^-oJI^ <U^_L-xuM£JI qL^ 1 U i^,a1I <«Lj 1 ^ Irt.^i V 

«• g ^ 

<iLaJLo (j-l-C. JJ) 8 *! « II (JLoJLa.1 £-0 l_>J_>Jo < i ■ ■ ■! >~ ^ C J .A II 

■ ~~ 1 1 j-o *__)^l t or I .A \ i I ij i v ^\Li o A ijj ua iii I * or 1 I jl ^ c.1 ,Aall 

< La l ->'l - n JI-aA^-l jlj <^C>lj-A ^_}l 

6jJk ^ I ^At-Jra II jj- 0 (jl ‘illl X*J OJJi ^jl ^-1 — ia.aJI (j- 4 j '* * * ■o 

Lo <U-it‘i JJ-S |\ t I «Lija^aJI <JI jJI J \ -Jl 4~ <«Li^.^aJI Jl jaJl ^Jl iijLxJI 

4jlaJ jl^ IjLfi I J^ A j <dliA |\ t in II ( j_Lc. jj)*! J 1 1 JLn.7i.2>.VI «GLi 


<ilaj-a d)j > * j (7Z m JJ » JJ J_dl^X. 


.[^ . i -J a" A A. \l >V 


OJ klaL iaX.1^ Lu (10) 

: <_JluJ1 <j»_LxpaJL» ^j.tj <V <-fl l_U.i l 

h 2 /m = (V-E) 

t » »»u ^-jJI ^Jl <JIJ1 p ^ i -.i-v H <5Ua E 




V 

jLaia.1 jjLs <>=J £-fij- a I fl-l x m jj> jij-a £-Sj-° U* ^ A ~“ J 

.^jjLjJI ^Jjjall ^S 4-iif. Jj)*t» J1 JLaJLal JHot 4 ji_ijI JjVI £-fi_^<JI i *»...■%■ II 
j J l a > -> ! ialfi <lj, il5\ 4ia_^a <Jlj j_jii i-t ' •»■ «Li1 ^IVi" mV I I ~i i’s o i 

^ If jj.u.1,1 JLalal <Lali . Ij li-aa jji) t ' 1 .dJlift |> i ma ,^Jlc. j^jjjiJJ 

j_$i> Jj LI ". A I I j| (_5-*-*-* J * • ■ ■ a~ It lift jt iaaV . (4-7 JiAll) (jLift a 1 . ■ . -a. 

J -J 

,jafiJi _ j-.ol -o 4a _y_aJ Jj-S (_j.fi J . a-> lift j - 4 1 II ... iaafi 4 i <UljJ Lj t.fi 

< t 1 . <" j> 

I aifi 4jV ‘A *~*- s J ^ 4 all illjJJ L^_ifi j_ji> (_yill JjJaliaJI L^_i ^i. ■....' t r iJI 4 i.a ft VI 

• Laill 4ja ^ ■ . y~-~ A >11 ... 4 a U '. a jj jLfi ' A . j A II <JljJ| 




cjVU~^VI 


Jlj .<Li^^-aJI <lljll Born nifl M | A~~l (J5uxj| 

U->- V • < * ft ^ <i!j jJb J-aliJI Ja^JI 

Liar. ^ a-u..T>) Jalij j 1 "i ~ L$Jl 

iJUl L,U_,I L^i jliiJI jUd. I4I9 ID .(nodes 
\ Jj 0 «Lllj-ll La J k .4 i v 1 

\v < ( j > ^J-ll ^LjLftJI U a \ a 1 1 ,U ~k II ^jf-Lc. 

■*!' 1 ^ j a <_1^J <(jt5S» t a *1 >! j t f- ^_A 

z' j ' . . . a *> 1 LSLfljj .1^) fl ]l <JljJI Jj *i 

JLa_X^J LJ ^ i ^ 1 aS \ Ij_a ‘(jjj-j 
y .pl.i Afl ll < - L a‘> J£ 

4_a l *y?C L . ..1 ^_j ... a~t.ll 1 la Ljj_uul J_fij 

c^UI J-lkUl 

■ ■UL^all 


Jjl .(j_)_jj j xjjj L° ‘La. (_yJI Lc.jl_^o A i.-k_^aJI <JljJI ^ ii _jJjj Afi 
.Jl ^il aift (jA.i ,1 4 ' lr j 'n lie. p I f- Liiajl jijj 4 . II ~ II 4 1 ilaJI CjI jisJI (_jj9 

(jl jjJj .Lftl^j jl jjJ Lift ' ^) » ' i J'jj-ULI 4 JjL»_o ja i ’L~i a i I fi-x*S Lxijl j i )t ,m 

i 

• 4jjljJI 4jj_>il j-o 4jjja 4 . 1 , Al a~ iljLxa (Ja. 4 ii» i Lae. Sjis (_yidl di»i jji> 



l—ljjjj J 


0 2 «J< 

curvature <Jjl_»_a j < ’< < 'jij <J_iL»_o J^JLII J-a^-aj 

i 5 «*i 

jl <!jjJ_Ju <_L».^aJI <JljJI yiySLi Ifl >9 jj^SLi (jJJI ^ K a V Li LixxYi L^j[ :<_xa. <Jlj 

~ S J *.*^ jv t i . ■ *v H <L~i-aK.ll <Jlla.ll j <-i 1~> (jKoj La J_xul ^uj.j.~JI j_^.Li j .Lfl-iJJa 

* 

ijJLxaJI (Jjjjjj .<-iAi-ixla <iaKJl <JlIaJI (jj^> xtxnk y^A> La (JJl 

j.Li~ pendulum ^ Jj. Li 4 _il_ 0 -j ^_S J J 1 1 < i '^J-a-ll <JljJl 

JJ-uil 'j | (jrfajJJLs :5-7 JUJ Sjjl^Jl <*1 It I <La Aa. ^Jl << ^ jl -ti. o 

<* jLxu-o <_ fl / 1 X /\ ^ILlI 4 lra.ft.wll ^-S 4_C.^)_UJ dj-=*JL> 

d-=d>J *L±J\ j > » it\ i ~v <j Lu i -ft Jl i J-A ^-S^Ja 4 x^)-«-u 

jl— ljx-o ^yo k ft iau a II 4JqAj . )^>J5 Si \ m> 4 _uj^Lo 4-xak.^oJI <JljJl i Q ^ 

IjLt-u-oJI Uylaj 4-i^.j-aJI 5JI jJJ <JL_tu ^jSH £j| i ft k*s 1 < A ij Jri^V 

s _$-A I Jl aI ^ VI d^ (J^ 1 ^ 1 1 <jdj ' 1 dj) I m II j_-a jX^k a • 1 1 * 1 IA j 

d-du^j ^lUTJ I jLuix ^1 <<LCj_uj 1-U >1_> dj-aJLj k^i-L^ 

<*>1 >1 jt jt ^ If- 1 »Q 


I .(jL-JI j <Jlj .5-7 nJI 

j Jjlfi jiij j-A ^1 ^jJ Aja. ja «Lllj ajA 

j tJr & (j ' i ! . a JI) «Lj^.juJ1 5JIjJI .AiUaJI ^ye> 

i J | jdxJI \\\ t \ t ^^iQill 

I I fyilf[| 1' ^ o*- <^'j! 

j Ij || j j!! |[| | ^ tllalJI 4 la ■■■! ys j t x ■ . a“ 1 1 |^a 

V UP SI Win. . UU-% n l\ *— /tfdl 

\ I If! I P j f- H t M l! li I ■ 

fe a J i ^ 



4-l^.^-dl iltjJI *c5^>^-VI j^olIII Jljdl (j*>* * juLu t q X Ji\ j\\ 

Sjjiw j-A 4^ (_£ dll jXA_La^JI fj] i j^3 . jl i ll .1x1^. <Jao-uiJ j^IJa 

s* 

\ V 6 jj 1 1 4_Lol^JI iiUaJI ,J_»^Ja t»l I ^ lr. ^ » U” < , t *\ 

^ ^ <t ^ 

(^1 4 i rw^-dl <JUI 1 1 jjZL a * IdJ (d-LJl ^ lr_ 1 ^ ^ a Ji4" , 




V V 

jyiil illlm ^ylc. 6 ^>j" j j * (jjjJlj j t .it t _t.i l 11 JjUJJ <J-M*»JI 

* «< •< j 

< l ,Ao^.‘,ft LJra^. lc.Lfl.Lil ^JjVl <AA.^oJI <UljJl (JjIaj ,<a£^la ^_fi <5k w >aJl «— iLL> V (jLilj! V-^- j£i 
^yicl df.j ■■■ > ■ > Jj>~ t ^jJ! ^,\ j-u^fc.11 ^-Lf- j^jjlJI jUi=J Jj-ojVI j^ln^krtll Lai . LaJIc lolcuv Lclijji 

.CllLujl (J^L» JoLSoi! ^_fl 




v * ** « 

LpJU ^Lfl IjJ fS^jJLusa iSUa P^Jda_JI ^uaJJ .La^xC. ^ Ic. j m Jt <■> dlJaJLo 

✓ " * * ^ 

j\ * < u ^ 1 <JIjJI <jU SjLixjj f (6-7 l^iXu-o Luj^Sj 4-x^j-gJI 

<j [jS\ \2\?% La Lot a! I J-Aj L^J 4.aJA*V\ a <Lskj-o ^_A p K i t 

* ? o jg » 

d jl jj V - <-JLc <Li^j^k <3Ua d - Lao^oj 1 -oj-ui ^ji . jj <5^Lc 

■ ^ i Cjl^-a y\ r jA a -L j j) 1 « 1 ^ \[ ft IjJ <Sj uS! oLuj^JL^ j <Ltrv j_q dll J 

■*“ £ ^ *- 1? ■tf 

J i» i«-i ^ J) ^ JjL I 4 J ‘t-alrxiVa 4-^.j-a 1 Q ~iLi jikJ jj^5J <SjjjLui> <il. H i- Q L(j 'i u J ■ 

^ .= g 

• jJj J_)_l jj is^lx. Joj-uaJLi 4j l I '"" La <LiA >1 iljj&j .Lla. 

<_*-* >LijJ ^ m . L “ t - > ^ <^r: JJ-*-*^ J-ala^j (jj! ‘(JjZ 

, „.» ' _ * *, 

<, al.4. >V ^Ljbl 1 n (j i-fl Cj-ij (j t~t 1 H ^ ~ ll ^ \ JjJ-i dLl -m-ll (J^i= LjLijj <Lj_l^, 

1 Q a id i <1 *> <1 f'-^ji Jilt * * 5 jj^J| - ** < it5v I A 1 - 1 i-^t l J) i\tC. 4 1 Q j 4 ^ J-V I I 

p . I - 

.dLuJI ^>q «LLaij (g I I j. I If. JJ)~> J 1 1 *Ujl nun <Laj <4.l*S 1 m^^JI el ^ «fll I 

$ * * 

4-k£ (Jjjjl jlS-oJl—1 jii'lla . I g I ~1 ■% f , l j 1 ~I~ .‘I I ^ < /j_o J II i»l l'll’s tell ^L1 

j^j-S <JIaJI w i.ea^.~i LXjJi (j-» XliILxa4-ui <Sjj-iJI 

La^j .^JtynJI Ltllj ^ i.nn II ^ If. jj)~u II JLaJL^I L^jLj 4 % >~ \ II j ...a~ij < yo 



dJj p II jJ-C. jjjjiJI Jl a~v~vl LpL JLolaJ (jLi < Ul-»-v nil (Vo (sS* 

<jl ml III jjjJ 1 (j ■ l<~- jjjjJI jJb JIaL^.1 jj^I (jL* < liL-v o II J)-0 LaSj .£-AjaJI 

icjjj . ~ ■ ■ ■■ * ' j i,jJ_LujJI , J j]a ^Ic. <Lijl.>.vi~i a oLal. ma 1 gm J *> a II (j^> 

.flj ^ I UvJ . 


Cl !^\ <i_jLvjjVI J-o jJla |\ \ I (i - ^. I «LLa.jjJI <UljJI UuS (jVI jjJ 

II » 0 ,^_»Jlj >■>»...->, II ijjb <i_>jua I *> a ' jls II ^liCVI i fijjLi 1 tK II 

V 111 (dLLcJI Jj^ (J-Lfc Sj_i£iHa <(J^_aJI ( _ s -i SjjljJI 1*1 l~*S (ClivJ^Jl JljjJI (jl 

(£ 1 d^jj (jl (j*% a.j j| 1 <oa.II (_jlc. <Lii jl*j (_5lll jldl 1 *1 

* a« 

^ U . l I I ^LsjjVI jL*_i ^ I » 't (j-a-j <(^j-ll c$_a. (j-oj .lilLcuJI Jj-1=> (j-Lc. (jL£-o 

* g s 5 _ 

(^JevaJI ^LijjVI i ijjlj (j ‘| « 111 .LoLoj |j,'~v o LL^j^a V jia <1 j « 1 1 (j V < l~i t i (*ilL 

£-0 Lfll A J *7fc> 141 I A lj_Aj <£J9 ^aJI (jX* (^1 Lj_*_UJ^_J (a ^U-iJ <LaLa-i 

*1 ^ a 

(j-0 iij$l LUfl^JLA ^jli IjuLA 

i-j a jj.£. ^ i^iA 11 ^jLi£ i— aJ ^ la-^Jl ^1 9j magnitude ^.jJa 

MjIa /jLfl IjJ <&J <jliLo I LmJU <t*lLmJl J^ia ^Jx jxlji jiUKuL 

' ** #* 

«»< 

(jK- (je. J .<1 til <jjJCo (jl^-«l j-ij ^4-4LiJjLj^ ^Inl II ^lijjVLi J^-aJI (j-o 
(jjj <j5jL*JI <5j (jjii (jl i_i.~v.ij . ^&jj-^v.j jv (jl^c <1 j >,.i~v."tj^ 

.L^j dlj^n ^1 C-j-vuJI (jjjj fLuiVI (jlSLo 


£-jj1jJI (^4 ~ ■ ■■■->• II (jl (jl i_4jLu 9 Cl <dJj J-o <(jojlft»J 

fi * 

( ‘ 11 1. =L^_i_i_i (La v ~~ ( j,.' i~ xu < v^j^JI dJIj (jl .i*l I in II (j-o «l j i » .a <i. a L '< a 

(lit h Lf >4 ^-v ' (ii^v.11 Jja.j (_ylll «LiJalaJI <7-7 (J^ It II ^4 Sjjl jJI 

<* 

(JjJqJI i Sjj*_i I j > I e i (ii-^v II 11 a ^Lsjjl ..'-ia-v~i Ljjl Ijlj .Ljj Sjjj 4J (_ylll 

*> 0 * * * 

SjJLl (SjjUI <J|'~ <11 nj Lajj-~V a 4_vcvj_o <Jlj (j^J .4_v^vjjaJI <JI jJI 6J^J ( ^av.j J oJI 
(jj5L> V I a l*> a LoLaJj ( 6 JJ a n ^ ~.j ^ ■*■ .■ » I <JJ -» - ~ ^ "*■ J-° Jj-L L^J ( j.< i I 

fjl^JI ( 5 UI La ■ Ji.l~v a ^rv-J-a JjJa _ ^JLxJI gja-ia 11^ _ uj<a (jLvlCJ 

I ^yln-vJI ^LijjVI (jfc 




J> » _ ^ _ _ 

4«xa. ill J £ya 4 J «ulj A_i_^fc. J^o 4-o jj ./“/ JiAJI 

4 > ~^^-o iJl^laLj , JjLuJI JoJa^aJl ^-fi LaIajI^j ^jJI tlilll^ 

4.fllVm ^ j) i» II JaIaaJI f^ya £_o^j .iljLu-o 

L^° C^l Lx-cu JJ ^jii lift r c.1 ■ Aall l^jua. ifl^juo 

^j-uj j j A. m^ JI <SLLqj ^ jJI II ^-jflll 

tj j-~>."i“ «Ua.^«JI io j^>Jl & jj& Cu 8 j jj-fl 4_iitilxaJI 

.^jJHJ! p « ...-v- II 4_> .u" 4Aj^laj 


^J Laf£ 7-7 (Ji-iJt SjjjJI j-5j~ < a-a II 4_c^. j-oJI illjJI JJ-3 jjisaJI I 'l iTs a i 

r^a j-it - superposing ,_>^ljj ^ ll-> n~> alt - ^ . a-% 4-^-xij o i << i »j L$j| 

jj-o j 1 14 jjc. — superposing , ^l_)j ^-it"JI ^ ll-i <<~i a II _ ^ a-s 4^->Tt ot A*i Ljj.ii 

S ^ ^ q ^ jj ^ ^ iJ* 

I 'j-i.rv lc.Ls.ljl l (j \.a (iilli-a />5L1 <Sj,.\-v a ‘Lx^.^a JI ^lal L^J ^aJI jrlj-«VI 

& JJ $ ** > >• 

jJ U~.~ ,*•' I i L*_a ^ a ~ ^lj_a VI 6J-4 (jLi <J£aiJI ^3 /jjL. J-o Lo£J .IjJa a 

j-kl ^l£a ^1 ^ L |A» t I (J lix < jj-iJij <4al*iJI <Lca>jaJI <JljJI ajjj Uhljj 

4aa-ja 4a jj 4_i^jaJI Jljjil cJ^ljjil li-i Jaa ^ AuU . l_Ajl^Cl j Li I jj 4j^ JjjUoaj 

■> > mj. I u u a. ll ^LsaiVI <Lo-ls Ji m*i Lo.1 jr j .wavepacket ^l^ai 4aj_> ji - 
a. xUI ^j-a Aj^a-lj ^1 Lfrjl Jj a H I » > I a S <(J4 iii II ^_S 6-1^1 j-ll >-l l~t*S “Li-Sk^-s <Jll <J 

I *« * » i . ■ «v I Jjt ^g\ ,4a^^a ,J X JMI j I ."■I a < ...I ^jjJI <aja.j-aJI (Jl^jJoVL» <Uj-oaJI 

* * & 

. i >Li3j V I * Lail^a ULj (<jjuo j 1 Jk^ LcLflJjl 

s 

*Lta.jaJI <QJU £jj)4 1 mS <<UiaJ ^1 ^S p , > *a.-k. II U i iAILi laS_>£. Ijl 

E-l'iVi ...L I a~i.ll <-lj t if-\ <« mil qJ^LujJ <lda« j-S^'~ nm Sjjj Cjli <llian 
Sj-^ ^_Lt Jj) <--» % 1,1 jjJSU I< _^-a <_o jj 1 ta il Lf -A <t I i \ m II ftj_A j -m II 

CjU. jaJI ^j-a <jja jjC. JUtJ I , , I a. < «. a 1 1 4 t^-~> la j ' a SharpneSS 

# #' t. -- i» ( 

Lj^-t-il I a*s .u-'i .4 sl~--k a oLc.Lsjjl y< Jj-o j < 4 a 1~ -n. a 4ia.ja JljJrsl L^J ^Jjjl 

4 i ‘il 4 al Lj i , « i a. II ys j) a I 4 S \ i J II 4-Sj..»-.o Ji , U , .A I I . .LijjVI I J >.a 




/)! tali ' sA \ .A 1 1 4 t oj) II 4 » i ls\ II jJt i iLujjVI tj-i-a L II 4x.lijjl ' jXa-aJ 

Cxi 1 ! ijjjij liLil jl cjJI (2>jI V <xa.^j (jj| 

•ojI i_s_>ju V <>_ < aI j 

(j-jjj U-a j-a^.11 ill i jK lxJI (jjj j m •% e-ljj jrlj-oVI Ojj ^j)fl 4-« LiXcL-uu 

. 4- t . \ 4 1 ft 4 I I i~il ^4 . I t i ~J r\ • .< jjiiu 4jV ' U.3KJ1 du&JI *-a -i jall 4 JlWI 

jJoJljj _>-lC i ll \ . .. (jJjja SJjjL J *^4\l ‘1 "$ ■ *_».* Oajl^JI OjjJj 

jjJI ill I mil (j-lC’ Sj^jkJI <jl £— 4^aa U^—* <Lj jLllfta -(j j A J I I ^yjl jUujJI jj- 0 4 - u i I 

S^ojfr.a^ll 1*1 i ll’l l a II <ijh j-ll la (j£J . 1 Jaljjj < J 4 i nV I 

* SS 

I *< a i ulLlj J < a 1 j <S jj-aJJ 4_ta. ^J-O OjJI 0.1 t n~i ^i\ 4.a>Ls>-i <Yjl 

OLla .-.-'i K I a I j.'j«* II J\x. Jjij-Jjjj_ii 4jjla_a 4a 1 i* l i i La. i I ~'~ J 1 n » ~ . .. I 

jLxtuJI (j*-sl jjj 4 VaK II L^JLsUoJ ^3 (J <^-i 4 11 <4 la4~k la OUaJI^ 4a-ila SjjjaJI 

ij\ . ill 1 a* 11 (ja-ajJI jjJI jL*i-Jl ^ya Jalj>aj 4_4 ^_j^J1 1 ~ tLLa ^Lft i^ia Jl 

■ 4aL> £-ft^jJI Ijjiajj .JjljaaJl j"j°* II £a J^ftl^jaj Sjjl^LaJI 4_i^j^JI OUaJI 

» 

4 t -v 11 5J|jJI 6J-A J^Lo (jt .^Jl-qjJI jl 4 i » i II (j- 0 j. A t<~t \ ( J s ^Jo *L^. j)-a 1 1 

t * * 

.8-7 (JS-uJI ^JlcuJI dLt ^J-Q Ji \y m f L 0 L 0 H 5 J.i^k r> <-^.K <^Ua ^ xauaJ 

a 11 II 1 mi 

j I 11 I I till <n Jjjli 4JijJ jkLaJI J< <t»il .8-7 JiuJI 

| I | 1 | j <SUp I 4 J <jjSLj IjJ Jo^JI Jo-oj 

\ I I ' | | | I jOuuaU (jJA j-ctnij J > ^la 

1 I SJjljXaJI <ilkJI L»Jla15j JjVS-i IjJbj ajJI is L-v~. L 

V y | || I 1 1 .t*ii_iuii ^ ji^vi ji < 5^1 

4. i -fc^-aJI illjJl J I 4iijJa ^j£- Lo 4J jJLa ^J1 4 ->-l -s. 1 / j ~w \ iilLlj JJLJ 

Oxll (jl ijJi 1 1 i-l ft j I j 1 If .laLft.Jk.il i_ia-i ^JlJi ia J >. l-k II 4 U.4 \ I I .J^aJ^JI a_o 

jjxcu L 1 i^g a .a. hi, -v-11 <_,K II iilLJI o LiJ^ia <, A-uiLlH * JJ ^ *\ * ^** 4 " < L w ^ a II 

f c U -1 t u“i I <QLj \ f\ 4 qLU 11^ elm dlj^fcJLcJI 11 4. i -v ^ 1\ <J|jJ| 

<X-^ <nj t. ,.) t .V J,\ k \ 4j>L_) ^4 > II r <JiLU 11^ 4-C-^ mt * .j > II 4, t ^ j^JI illjJl j 




^ 8-7 JiAll yi OdJI yL? IJu . (11) (9-7 Jl^JI) 

.I 4 L 4 LL a Jj*ya a j oiijjuj 




Ula iiU» 


iiU» 


t— J.. L n. n a £— a a j j all J_aji Jl <L3iLoJ J a i .9-7 u Jl 

c*lj <JI jJLi . 6-7 J< in II yi i i >.W> • a ^ ^l_^l LJ jLa. Vij&Ua ^Ic, 

4 - U tiLLJI wilj 4 I ja]I 4JUJI ^yb Lr 1 <LE- j-.ii l t a ill ^j-b ^ c j tt 4 *( L tl 

.(_,UJI ^i) i^UI 

If 

(jLlill Litjj Ivi 1 A II— t Sjj-aJI <2Ua i_ 4 jjlj V Li-il 6 1 1 flja-a .1 

jj-t . ft'm > Sj^^aJI <_>j->Ai~t a) J-Sj <{jl ft •a . ' ji 1 *11 mi l a-t t 

0 

£y& Vj-l <La 1 *> « iiij ^-lll ajjij-o 4 j -».^_aj| 4 _)tjJI (j -1 < 5 -ILaJI ij-A 

- -* 

<4 a 1" -> fi JLS_*t 4 L4J 4 _fl vl. A*j a 4 1. ^k^-i 3 *S ^jx. ^j-a *% ^ mi {dJj 

s* <# 

i^J^- 1 till Utlj jjl ^jJ) tiitS 4 -*^. 3^ ^-*33 3-^ ujSl^pJt .IaiaIo La^iL^.1 

£-0 I- iJ-Li~u> a Jj 4‘> all 4 -a^.^aJI JljjJl (j-a (JjJ LLj\_}J * 3 } 111 -7“7 

fi J S f * * 

I i j ~X.% \ 1 al - A » I a.Tig. ^ ill JSLilLfl til <( iA vl a l 1 A a 1 1 <cliA_$J1 

'j j ” 

t jjJ| t-j 1 IjjJI u ILTi'i a 2 La gja.-k 1 ^4 <jV (jjijj 

^ ^ J 

4 1 ->^-aJI J-avLa j ‘i, v '1 f.^ ^jJI J^j -w ~i i I j jjl ai& jj A « i < Jaa.1 j 


-l3J <JIjJI i-jiiaj Jj*; (>.« o-a >- ' -o. »* i ai (1 1) 

Laai (jJJ <Uaia. 4_>X I a (_jX iMI jJb iiijJl < I mXI La fl H 6J-A 

(£Jj\ ^ Lkl *LLk. jjpXLi L|-juj^i IjJ ( 4 jft _ L 6 -> I I ai K_iUa.“ 

IaA Cli d i^UJ jUTt <>iaALLo ij L >1 



p-QjJI 4 ita 1 a (jl (j \ t."v i ‘^J) n •> nil i_y~< -> 4 *i Lajjx-J .LsdiL-o iti 

v il ‘~ > *^" buaj (J-*J (j4 jLlujJI <j-a 4jja.jjdl 4-ajjJI *><Lj <^4 

(jt C?1 -u j < \>H <d-Lj JljJoVI ^-u*S\ jrlj-e^U (j^L '- vt a. 4x.j_cu 

cl- ij 1 a II ^_S LoL.o j J_*_SLj La. IS A <(j_l_<a_»JI jl nut II (j-e ^ jl m " I a jj a. II 

ii^JbaJI d > aj > H j ^ "v 1 ! f U^I JlA LL i I rt Tna 1 \*\ Aj) . ± C \ ' ii. Y< 1 

o' .4 

» MA ) jJI jjiillll <1 ila . a I I Cjl ^ jUsJI i gh - iM (j£. a jj _^-aJI CjLUsJI - 

Ct a. " ~*l **■ j a * Jl (jtj <4 > **- j-° Lojj J~a 1 iti i i2L| i A'i ft j ^_S j ~v . '. "i (jt i t l _i 1 » i — 


4_i 1 »'»" > LcC '■**■* ■* li}lia.l ■ idla-J Cil^-tLiJI (j-a I J-LC. ^ >. j a*C I I 1*1 i )Lj aj| ^jJLi 

(jiljli'i I -.-.I ^M~ ^Vl ajjfc jiajJJ (jj/l CxS ^1 (jla. A4j i^j’s I inY^JI 1*1 1 »ajl 

ijL-ol L-iOlI « 4. ' L (jVjjVL 6Jjjj Sj^aJI (jl^j ^JLsVI 1*1 1 III II (jl 

V 4j| Li j-A j.’v Jl 4-a-gjJI .ajj^aJI . sLi_iY (j i" aJ^J-a (j'j 

^ •" j, 

(j^jil La-L-o LoLaj dlii j itiLLuiJI (j-*-* 4_ajjLoJI 4 ‘ A II (Jlj.iJJ V| a-m I 

LJj ._>j_jJI (jjj 4 -ojY-hJI ^Ij-a^l ^jlc. Jj-I-Tlo (jLa£ jjj CiljljiAl 

<1 I l*S II L^Jl tl la (j-aj ia jj-a-JJ 4- ^ I ' LilkJI Ala i 4 i -y^-ajl LljJI (_jujii (jl^ 

(jl i_ i-i."ijlJI IjjS (j*a " ■ 4jt (j^l--~ LjLi .(LLli 4 *i ablll 4iLU1 (jV^ 

tj\ ^quantized Sj>LJI L5LL (jl SjLaAJJ . U 0 a <l'm . CiLLL '*11" 

•• •• ^ p 

:Lalc 4 •%■ i'i 'i ajjA .(10- / (J£LuJI^ ja'inif. j i »~i a j V <4 j«-LLLo ■> '« » ' j '■<* J" ' 4j| 

dLXj 4_a. jjJl ^oJI ^-a.<..A.IL^ ^energy quantization L5LUI ^<~ ^1 

. 4 T* - 

DldJI (jjS-i (jl ^ j l~i 1 11 1 i lLLLoJI j i j j i O jj-iji LljLa-aJ 4.a>-vVi ^A <(j-il~i iiii i'j 

ii- ji->.ji j-A a J lA t > . ..-v II 4-ii ‘ (jl (j*a « » jJI cl .Aall LaLu 4-aj^Lo ‘Lsja.j.aJI 

Jaj_>_iiJI)) (j a i.ii I Loj jJLIjJ JjLu 4jjL*-a ^jja Li.ll iiUaJI ^-I,a5l~ I ^ I i j^-* ^ ~ 'I 

.^Lh'ill boundary conditions «4lLJI 






ilsll. 

jjl (’lllJ V| ^»* ml V /aL^Afc-a 11 £j>jl 1 A 4 aU-AA ^L44LA ^ l t A j\x- .1 0-7 (J^MAkll 
fc ■* ^ 

^■> \ ilaJ !^-iijLi_f( Iji^ Jzi f> f^L ah J1 jj-fl .-Li a .a 4JLfll^ a 1( oLiLlaJJ^ < 4 jj( % (1 4 jJa. j-&Ji j*— »^L> ^-A-ii 

j lC ^ A Lifl.lt A ))^ /L^-J ^ j) n,m »*i ^ t m-OI j ■ ^ -. " ^-A-11 4 flic* \ a 1 1 Ou^La LoJbl.1^.1 l^jjtTu -fc^fr-a 

<j>U1 -lajj-AJl tj~^j :<JLLJI tj j H ^ {jj^j Lf-i ^a.,^ y^L. rOoliLa 

4 A A I) <L3l_laJl <j-a qL>j~ 4.1 A <G_1U4 (J^l <j.ft 4 VI Ja^io-SfcJI (Li^_L-t-u^LSk L^j ^- J a Mi a JI <IjliLLaJl 

4j_lLoJ ^Afll^cJI (JljjjJI £ JAjjj. aJI 


4 in <J (<J^>1 CT^ ^.L a~v a!^U S^_jJLa <LS-J^>_La_j J- j. j* i-aXl'l jA_j-ij 

if 

^jJI ^ju\ ^_ljl <-*L ^_ i (jr ^ £_S J-aJ ^JldJl J-^.t_lJ <VjI ^ .4-^1 AJlII ah I 

<LLot^JI i2UaJt ^jl . (& Ji \ % n 4_ua ilL^ tj-l^ -U \ <AlL> Sjjv a 4 ol U i 

4_j_alfL!l «C-flUo <jU IjJ < jJeJI jJ£ j_yj| LojJk-C- £_£i^p 

<jt ^ x * fi ^^ <Lii5Lojj < iKl) iSLLJ) ^ a fcll 

J)J 4ii dSj AJ-a. (_j-ajjfi.il jJaLui UUA ^Jo < 1 J-U 

<i)^JuaJl La t .(5-7 (J^-Uill <Jljil 6jJt JXa 

( jJ^ L^j a aaiaII i_L^j-oJ1 JljjJli f^llLoL)-La ^_fl Cxti >.*l 1 >■< 

^Jl c^iliaJLjl 4_lra ft \ L^-j ^C-XI— UU4 j^jJI > t I I ^XaJ ‘Caa^LaJI dLLi 




-ft » ^-3-JI 4 -l-tv ^- ft-11 £ iAa. <JaJL$ jj^ * 1 M 0^$^ *— 1 1 <<« \j . i fll U » \\ 

tf* H< 

(jX. 4. ft llik. ft 4-SUo J-iLili 4-xa.j_ft 4-11 J <t-ft xL-uj l£ j) 1 j u «*| 1 ut*j <L_A jj) -l-t> j 

dSj .<L» ^ j ft < a ft oliLUll ^j- 0 Jaifl ill ^jl dU J ^-lc 4^Lfl <La^>_xC 

«4jLa.jJ)) J -'-■>-&* i ft 11 ^-ft 1-ft.tVn ft LftLu p}-* £ j^-ft *<» ft II oLSUaJI 6dA ^jl 

4lc J^daJxa xu JJ^pJI^ <dij^L» 0-»lj h «.*« h X JJjjJI I^JIJLlI jldiLaJI 

.^jul^-iJI J s >^ ^ AXl^pJI jdxaJI £-0 Lx-m^-C. L - t .i n l \"\j lax j-ajJ J-A ^J-xlft J-*_J 

0.5 JJjaJI ^_pLj g-la i*i J^-=wj-ft < J_aJj jJx-a ‘dlj-la (^1 ja JLa. 

A * J ** jUO L^_l ^'^-a_JLU-ftJI <ilkJI j U - ft J_i^iLftJI (jLfl IjJ 

11“ Ji-tiJI 4_l£J 10 34 X 3 (SJ ^ ■ iit J ^1 ^1 4 ft 

.L$J 4 0 qI^-aII 4i.a.^-aJl Jl^jJlj) CilsUaJI 6dA t dxjj <7 

pljjJI J-UUj Ljl_j1 ^j-^ j.- i- a. V 1 ,4 1 AJ ft II 4 ft m 11 ^Vl dll—A^ 

<— 1 i ui, i Lco^ <CjtSLlaJI j2>-° (J> ^ a * Q-a-^l H 1 *0 4j| .^-a^LTi-il 

4_xa v j_aJI 4-ajjJI ^j^fCTLiAi <Lil*iJI 4_xa.^_ftJI 4-11 jJI ^jLfi I jJ .^o-IjljJI jj) ~k a 4-jj in ^ 

*> ^ ^ 

4_ft^jjJI 6J-A <ti II ^-ft 4/% -tA^-aJI Al~£ (Jl^jjJI (j-a j JSC- _^l j-> (3-° 5Ji_tii_ftJI 

tl J -I4<! J (_^ij|^-lJI i ft J \ C. 4-C.J-XU ^-LcLj J <L-i^)Jo ^Jl ^j-ft ^ 7 ^ xiT\ *» 

LIa^ _ tdJj ^Jl t ft <AI .LftLftj ^.ulrill Jx-o <^_^.jULll 

4 “k ajG ^-S JjJLft _ ^^.jLxJI JJ^p _ 4 pljax <<iVl 4-Uft\ll 

^1 t/’i ft il 6^1 xC ia \ ajj^JI jaXioJlj ^^Luoji _ L d -0 

4-ojj V Cx^Lft <^xa.jGu> Luol^p J-ALujx Lajl» ft IjJ .4.fta < Yftll <SliaJI .*4 

^yjJI 4^Uail <11 o,l 6^-^jLlo tS> <6 JJ^p < 1 iA il iS^ O-i I uoxi <Uxj^i 

. 6 ^-* i- il ,1 ft A^-J I d A 1 sis .1 dxjL_fl iXJJ 1 ^j_ft I ^ * 1 ( w jl^-.t.fti . V *1^ \ s 

\ ft J a f ^ <4 ft ftSi ft Ji 4lLftlia oLi j" ■ ' * 1 1 4-LuaLftJI oLx-ft^JJ ^ ^_fl < -*»> ^ ^_A 

j* # 

4iUaU 4-Luoli 4 ift*\ t_xftl^p dLU <1 _iLa 4 da. 1 ^ ^ILa 4j l^io LluI ^ p jj^Lilu 

ft ft -44 

• Jjbio IXi (jl lilj -Sj nil .1 a (J^a. 10 X 3 jldLaj 


cg j~> ■ " « (jXi) ja»JI Xj JLuJ I g ■ i'lj-i . < ( 1 /27T)- v / (g/ J^JsJI) jj_>iil ic> ul_ji JL^ ^ (12) 

.( 2 U/^ g=9.81 yiyVI ^ jdl 






<JjL» ji Uln"> Jl 1 j-A -1 1 ”7 JSLuJt 

IL UJI JljJlj JjVI <UUI <iLU 



j i <iUcJi c>LjT\ ilia v ^ii 

” * 

(jl ^jlaL^a L^_i.Li 

t$J JIjaJI J U-aJ 

(Jl^jj) <4* >0 J U 4-1. wo V 4-fiLLa 

Sjjl^Jl iSUJI 4_iilxj) 4-»^jfc- ^J! 

^ 6 V '(5-7 ^ 

*< 

^L*>kVI L> A>?-J 

^J^K-S-* 3 o*^j d)- 4 

JU«~> ml 1 W*\ ^_»J ■ 4-^Uc Li -jl 
Jlj-iJI i l \ ni j^J 

. Lea <LJL*JI jjjUaLLJl ^js 




4_2_kjJo_i 0_IL1 j *• t-^*C « H ^j} ^_A 7 . ^ a( \ a II 6*i_A ^-a L& 1 ft 1 *m ^--Lii 4. uaoJjJI jJjLujjJI 

*iirt H ^X^- 1 ' tf. tfSilSlU dl^l **J1 4 1 j l * o 4 j t „\ a U 

*> ^ & 

4-a jj (J^LulJ jjl l\j1f \a\ > j V j$ t\ ^_LfldJI 


i*L ;I<> A i t 


i> lt^ 


4-fLiAj-a 4 -a ^ a 1 1 ^ Jj^uj <~i I %..,^ J_SJ 

t a m \ mj .probability ^J1 AlLaJ 4. a .1^ Vt ^*s II 



4-iLc. . y«4 dUj '4 ^a-oU II j) 4x.jl_)-aJI ^LCll ad-A ■ -,1c- 1 ) il jj » a 11 

d-i_)l LiLj /4 a i a -v II ^_Sj . ^1 H » It L^_> a » ^JjJI 4.a.i jt-J l t 1 » 1 1 I a i 8 4 iLaJtVI 

1^ rxlj-L"i ml (Jjl 1 ' " j <(jVI ^-"i-ax. Ulij (jjJI 4-iti.8i i all Cil a i n adC. ^-11 5j^*J1 

4_ti^*_oJI ^ i iAlj-aJI» 4-i 1 Vs ^j-S lilljjl OddjJ dJ8j . 4jii_uiliJI ^ i lAlj-aJI ddfc t j-a 

4 « ■ ■ L < d a 1 » 1 « II ^_A_jual^j_oJI ^1 <(( ontological ijd^^Jlj epistemological 

* 

^LLil .Vil j-i^! V ^ iLfl i ^ . , . I > c I ^ “i I .J j-^jJI d a ili pi i ml 1 1 iLij 4£j j LaJl 
< <1 K I_v~i*s1 jjl dijj-S IdJ .4 \ 8 ,111 Ld 4. i_Y.L~l (£\ i -1 -X ^l— o ^J_8 J n«'l m l jj-IjLj 

-ilUiSi « jj-ual^B 

J xxa a II | jjk adjl jJI 4 8 4 m II adLaJI 4-k.^i.^La ^ j, \ 8 i d,jl 

n J ^ " dLl^llxJI (JLoJuLluI f jJl 1~1 ' ~ I ~|*A |j| La i_ijjLiJ d a 1 a^ 4jJI ^l~ -i ~ La 

j-A 4_jdjjl Lo (JSi <4 > 11-iLijJI j 4 1 \ 8~ II Ci^l x I Q 4" II ojjLa. jjjjLfl (^jJaJLjj 

^jai^LDI 4 i mi jjl ^ <jJ[ ->f^ <f-!L*_aJI <j a t l i - a 

- > 

4-i i ~ '■ j .<11 iil i_jL$_i_aJI ^Jl A *i~ ... /i II ^y5Lij-a V I a I , Y a VI i ^ ) _a 4 Y.-a-lLj 

* * » 

Ia I . I ia'ii- I i a ...la 1 j i* a ^_aj) a*\ il ill t iK i-ajl jd-i-tj . ^j) ap^aJI Id-A (Jl o»* mV 
Idlj .J-i^aUl ld_A <j -a ^ 8 I ~1 La j-mi j-a j_A IdAj .4_1£ IdJi 4 ii a. i LaX. Jl j uu I Li 
g-Li*^ a ,i j i^-aj a*£ II ill i il^ lall 4 t ml .mV I P(_gjl i/iJL) Cta-afi dS m8 <Lx4 di 8 8 jj 
L)Li ijlj ...VI diJJ-S lj[ Lai f ~.l il . .1 -1 ^l c-l^ai.y 4 II « » ~ . .1 <ld iaJI 4 jj -.j Jj_a 

jl 4 * ^ , 

^liLJI > > i ■*■*! II * Sjaj.ju dLl^J <1^ > <ULojiJLaxi 1 1 r. ^L>j. i q 

. JLiJLi J_oj dA^oJI Ij-A 4 


Ij^J ^ ^iJI II dii \ ^ < A Ltt-o 

(jjjf - Id-* 4 -LjI |\ j *>n lA L>-° - t>“l-j-!l 8 I I : J-*J 

|\ 1 jjj^a i_S__>J»j V L.-> LaJ 4j| ^'i>ni < jt II » 1 1 l uj 8 (j -a A -i i i_il i~ijVI lda-a J 

addb .4jJLaJ 4-usiiLj <i^A-a LjJ j-iil>Tl> jj^- 9 ‘^4i.lj jjl 4£.lidjlj 

# " ~ 

P-ljjjifiJI (Jaij l-^j dil .Lujliil 4 \ .iTi j <^gdl 8~i r. I ‘ls~* 4. ajL itil.ajl 4 j,5>^^ 

^ If.j i^JUJI Iddb {j-2 A-~ ^1 4_iajjJI diliL-i. VI j»_a 4_flJV1 ^ If- j 1 4 Xi . ..M*t II 

J-s^-aJ! 4-IVd-j ^xd-8-i L)l i— i-rx-i II * Jl gji aLa-ui^U J-aL^JI i 8 t j'— 1 O^ -1 ^ 




Lv-Jr. jl m a 4 \ <G1 <dil<-L> ^LfiJLiVI^ 

Ida-o 4 -far>l ^ t j d^l^JI 4,Vi..kj Lo .<la^J ^_fl L$-cLidjlj L^jlSj_o 

^j-9 ia^iua i^j i~i a jji. 1I (j i"l ft 4-lVj-» ■ a *--. jJI ^ I <£_S^jJI lj_ft Jj-a j1 <i_il i*tjVl 

.»lj \L£j « lli .j-^ ;J I 11^ .iLLui-i,. ,^ju . J ^JUJI j .overcomplete J i *< I I 

^ ^ s 

JjjJo (jt jt II X II «LuiljJ Jjj jl >-i^VI I 1 A lx. .jLll^VI I I I I C. Ji l jjjij a J ft*S II 

<|~|I a i in II oLc.Lij-jl ,jx. jt II » II <LuiljJ (j- 1 - 1 J < -2 jI > ui I ; b 3l j-a ' iiXa-j 

Jx. Jo-S- S ^3L£-II jl <S^5v jJsj-a (jjt U a t l. L i-Lf. jjTi > a jl— >JU-ij 

X # s 5 

<^JL*JI Liflu^a jJ 1 i ml ml Ua i-Lu c^LujVI 1 Lt -° CxJ^* <CjIjJL» ^AjuoJI .L^cli^ul 

A jj) II j_A jjxi-J <5JaLtAiJ (J^ <|kJLaJli : 4 \ Ul -v <UwLilSlJI LljUufi^ <j1 ^ia-j 

■ I jj t 1 j*t Q 4 l li * lfl"» I I pLjJaII 1 > 1 ^ j4 ) I I 

JI . ,.l r j" mi . .1 ." jVl l.t » n /j! .lift I \*i >. \ -». ^J-S 6^1*i -v (jti a *i j 

J »" ft I II 1" K JLojLLluI LlJjU. Ijlj .^lijjVI iiJj jJ3 i _j-aJI dJLl : JL*JI <_tuljjJ j >~i * I 

£_a I 4 1 jlj.i j . a X a II (lUJjl m I La<; j <<_U lit* II pl_l j_L&JI J » 4.1 Laii) .iaJj jl ^gS 

* * 

IjJjLa. 131 Lli JjAja. ■ 1 a l*i * LaLaj « 0 £.Ja J^jkj (_j*ajjJI j_3jj Lvt^ /> l < <^L^jjL-o 
< nii’i j >1 ft jjx. .<LAjLI_JI j iV I J-ijjJJL Sj^xlj <l_Laju. ^j) 

‘LSj_*_a (^j-a Lil J_i V - I' a. 'I J 1 a" ■ .■ « J j) ' ~'~ 1 1 <j| <t ijl i II (JJ C jJI)) ,jl <( ~l K 3La 

J * ■■■ »“ II I la i l£^\ J> g 8 ttlLlj .((M-jJaLa. j^-ft <6^ <il -k 

r-3l — vj d » y > I a" II e.1 >j > a II J \£, , lit. II i a .tX » <j| jJt . il J*jV 1 Ij >j>J i i* 7 i II 

I a j j cjLtLsjjVLs -j q*'! *>■ 1 1 JLo^JI j_j-s tlo_>iAj < 11. < A a o ^_ll J_^j 1 1 1 

•M 

.j-uaUJJ <doK l^lLugi > 4-oj^Lo La j.^.^3 

6jAifcl ^jJI ^ Q ii-ii-C II y * < 1*1 A VI Ijd A I ..' IJlA ^jl 

Ijjkj principle of coplementarity ^llill ^ ^ 1927 jiti 

(jlji'un W.James ^LJj > >Ln^ j-o d ... .~ al J jj-»j q II*< <«a a 

i jjj L^o II Jil <dia j .The principle of psychology ^iill ^ 

>f ef 

, Ji JLLIU < LiJj JjljJa j ^glc- » d i*\ I <LK Labial j > I ] J i a II l.t j a 

a 3 ft J-i-i U I 'i (ji jjJ idj j_il J i_Luaj jl < * -«. I I 'i i I f. !_j ■% i <j1j II «J| 




(Jitijj <LAC.LaJLi.Vl jlaullj i_ijVI ijS 4 j.ixo Jl a « " m l jjj JjLi J-Sj .i_sLlojVI 

, f t 

I 4 J LSV-C V ol * ,i 4 a i . L* « I ■ ■■ °Tj <1 J t uull Idi-a l^j ‘ a L » I ^jJI 4jL)jJaJi 
jjj 1 ,.\ 1 a J 4 « c ja!£] j-A (_£jJI JoLajjVI in 1 j- I^ J <1 i i a II l.i-j J 

. 4 4 * j L ill 1 

f * ? ^ 

Copenhagen j_c.l ^ *1 1 j 1 mi'i ^_s 4_jj^j—o 4_ i *sj_a jj-* - i * > 
j ■ ... a~ . 4 «‘Jf..i al ~> > ^4 jjj ^ $ ml ^jJI ^-aj-a^JI dl >,'>! $ t.aJ.I interpretation 

jJbj <4 aa jjJI <JldJJ ^yjl aajlVI jAlaS! jj i_isljaJI jj gJAU jA jc.1 (j tl j^ 

jJaj 4 j -n. j j_A <^jJlj .^jLljjVI Li. 1 a <_la_LLilj-J I i a *S j . .. a i ^jJI A .. J J i -~ 1 
^"11 -•! ■■•! ■ ° II ^ I f. SjJ-urt-Lo I fl " a . a ^ J J/- 1 I lC 4 ■» i iln 1 1 ((<Ll*_ls>j» 

I jjj-tLj ^_A a-iI auLaSJI 4 ■‘C 1 , ..M <C II jl 1 a II j a *lm i j! (j i il xij L m Lt ^ j/i~ 
(_£Jau jjaJ S j jl *> II a j-A jaC. 4 aj jj j*\ a 1 V J^j <4 X t ' l~i II ^^lc. SjjjijJI 

f e l 

c-^j-j-A IjLi I. '*C A j I . a t.a.-v >■ jl ■*■<•! ■ 4_JI^ jln-t.ll j ^ " ... 1 V j a . j j al " . * ^_S jj 

,Vla <(2) 11 j »» ‘ I" 4-LfLj-aJI S Jj a a Jl ai! a i n II j ja~a<JI jjl (j a . 

J Lfli Ijl ,J.ISall ‘j . 4-Li j-o a)I~> Hi i«~iat jL Vill dll j~L i jjJ jc ‘ ^ 

S» 

j_ 5 . i ' w ~ I <Va-o^ Id corpuscular 4 II -. 1 . .^.1 -l 1 1 ai dl jl ^ a 

<LxJ jl a**i ml jj J aC dL! ai i i il ‘i a II j-a-S < | 4 _ls!^C. jjjj 4_i^J ^ I <~ jj^A\ 11^ Jj) <« J VJ 
4 i -s^ -aJI -.1 . .^>1 A. II j-L^j-xJI 1 ^-i. < \ ji .i <JV J 3~^3 Vj I j-A a < II 

( j_S <aj-A ~ '*■! <C jl~l n jjAa-mJI j i~il A <JlaIj jl . ^3 I ^ () ■* K 4 -^. II j 

JajjJJ 4 l3_ijJo J j i a j-oj a*S II i*l i'il*C i a II JX. 4 aV <j^jAjjjl-4 4 ^ <(JjuLauVI 

s# 

jJjlAJ (^1 jc. ^LaUI <LLaV 4iijJa (JjuaJj < 4 a 1~ -A-a II 4Ajjj.fL.~JI jLjajVI jjj 

< jfcl j A i jl*\ uu j-o jjj j~i 1 ji II 4 III j^JI jLijjj 4j jlsLAi LaASj : j.La iAll J-iljJLi 

.S.iiijil 4 fl 1 fl — L II ^j-£s jLuoj^lj AlUiijLoJI 4^. .'.'[a 

¥ 

(JuIasJLs .(JuIaSJI 4aJa C . (^jS I (}jlc. j^jJAu (j^-ll jc.1^ J I . .. a~ 4 a m jl^ 
j\ mil jk jjjLa <LjI ■ J) ^ cil ,\ \\K% .ft II ^-5 4 uiil J 4 ^ ^_A 

. 4 fl J Q ^ , 1 1 c 9 mi^ ^LUI jl ^ jjJ ja-uxilJI |j_A (jl dilj r^jx.1 ^ \ 

m s * * 0 

AlAi aiJ-l t 4 a*i 4 < j-aj a*\ II i‘l_l ll^C i a II 4j ^jjj ^jJI j I in j~ II jtii Lil j^J 




^ \ 1 i 11 Ill, It |> ^ t ^jLs IjJ c*Gl J-itl .n 1 >" jjj-i 4 I il 4 ft 1 ‘i > I f . j n'l 

.Zjs-& 4-1 ft aLj ^Iri-t i aJ-ftl itiftllj j''~ll < _j-u J interface 


J i ul A m II Lfl Kl — 4 -o-«aj <— • i* '<-*1 J-fi La ^-11 (J ^ > LlA^ 

' 3 0 

j-A <£,L lo| ^a3 <A(^aJI io> oJjU. LiU . ^o ^aSCJ I dLjl^ i a II 

4-1 1*^ L^j 1* i » uijJ La Jf£ Ckljlfl <(jj_Al^a_It 4_SjJ (_j^ tif ^ Lit . 4 i* J > t 1 a I I 
jiSJl ^Lfl LiU> 

.liA Jjl^ll jjxiLiiJI i Ln“ •> t V 4-dLjJi L Jj^ ^jV 

,>L t \l< x^JJ ^ ^Jk ^uL»_a 4 i I ft f i4_al_C. (Jilt „->-l In </1 ft 1 ^ 

<Lsj-cl£. i ^ ft I I Ij-A a ft i «_ >j .^-j^-i^j^Lo jLf^- £ji»-o I d * ' ^ >4 

g.lk i^all Ij-A ^ Vt i a j jjiJ ^pointer resding « j-£ij-a_II s*ljj&)> 

4 .h 'S^La f4_k_al^)_a 4— uil ^ 1-C J,lft H J-a-a ^^LId-jJI ^ l-U \ 

i* 

4~i i a 4-1*1 <J -Lc jj*! » II fJ l^s. j| <Lijljl 1 fl % ft m~ 4 -*_»j- 5 jt <4-SjJ ^yic. 

1 i I " 4L-i (^LlLII ii( f.>i3 ,jl (_j-!-C. ^yj-au-iS 

I ~1 \K ft 1 ( jJLll Cil -1 nK II 4-lVj-» A< ^ II I^JI * II f ■‘aij l-^-klf. I I^J 4_!iV 

(jjJ ulilj-i-au Sjx. JljJa b ftj ^ ft ^jLlS (j^-l d > ; .j£ J - J "■ *" O' £r°J ■ < '-? 

^ g > * 

.<GjJI LuJLc. J.aAJ ft j-ic. ^-S jjJ i tl <j-b ^ 1 ft lt ra -a 

(jl jJfc (JjAjJI j .jjxiLJLII 6 j j y] (jj Q.UI ft la a'» jj-Lc. <~kl ~>JI ^y-A 4-i*_ua JoLil 
“ * * * ** “ 

# 

iliij (J -S dUj .~U.a~'. ...j . 4-^-a J ^*01 P(^jb ft )t Lf -it 1 » Aj l J ft »_i jjiiljiSI jL^-a. 


P 

ur* u>^ O ft ~t.l t detector I i nil *? LijjJ (jl "wi-VJ 

^ J 3 & j 

jsc. j . ftTit <JljJ j^jjj^JVI Jlaj (j^ 

( ^yfl IV I ^ Jf. QJ > » II ft"-vl 1 i l_ulj I ft's <1 ^ a l^a (j£. I 1^1 1 1 1J pi i<*l a II 

Jjjs ?\ IV I > ft~ » '» ^yjJI < till ft II ^yS 1 >1 itit^ 1 ~> I ^ jl Ij^t .pLu*>a II {jA 4 U a'l 




JjJaJI P Jj) II VI A~ ~>1 <1 J 9 

lH-l.ll <<tj <lj_ijLus ^yJ^-oJI J^iaJI u t^k J-fll JLai^hVl Jjijj ^y^J-aJI 

j^ 6^>-o j .^yi pj) i a ii ^.lc. til jlh^Ij <-i^^-qJ 1 iiijji j-jj-o 

. X> J.Ult 


1 * V ** r i <JL-ui j-a ^_fl u-fl-ujl_^Jl £i t* * 1 * v ** <* J < A y I p ^_4-oJl j A "l ml Ijl^j 

t Q iU< J-_*_fi^ .J-S^-oJI dUj ^_Ux±L^JI J| dJLulJI J. tAj V Lo-J uijJU 

<ix! .diLiJb lyi jl aH ^i u A-g ui jj»j» Li$ <6j iTii \ <1 ^ j ■>■<,! ^ ii 

j mil 1,^ jl jlj. 1 jl jx. diAsjJi <Ll-^.^qJI <JlaJI ^Li <LoLoj ^ 1 » 

< 4 * -v ^.oJl OjJI j_JOJI lj_A -l ft^KIl \ > r 4 a i,40^Hq <JsjILi-u_^ 

collapse of <u^.j-cJI illjJI Jl j ^ M <^aa1aj Jl JL ojlUjluLj pi -^Vi 4<>JL1 a ^jVi 
illjJl ojL^al pI^_ 2 *.Lj ^j-xj-fllj-oJl Lla i 1 rt l*Cj) .the wavef unction 

J A.Xl II <jl .6 J iojJ (£J-II j-juuj-oJI 6*Ij-S J-jLa_j Jl^o J-ij-o ^Jl <Li^j»oJI 

_ ^ « «. f. ^ 

<<l_L3L-o <lLaj ^y-fl 4-i-a^aJI <JljJI jLl^.\1 _ » x • •* * <j| Lj^_aUs> ^j-u <^LLn!l 

4-jJ^^oJI d I . A * -f> H j jj-tuij <U Jj.-urv.llj ^j) ^ 4 t\ 11 

(j^ < 1M Q 11 ^.ll„\ ll <(} ^)J-4^a-o <1 < A >1 <<G[ ul)L>Lioj_^JI O^i <Ua-ll>ll ^ 

^ u xu It J juaLjuH II ^determinism a % a ! ^ II ^ ^ l j) II dl xj! ^ ^ 11 

^ s# 

dlj\l^AXill ^yA J/fllJ ^d£. ^yJ-C. qJj <Lqj jl < J ^ m a Jlj _^uji 

‘U^^^-aJI <JljJI jj! tj-C. j U. i II tli a ' ^L^iLiilJ 1 _LjI ^ a.1 (J_i_S liLljj 
jLn~i~.l cjLiita. jJb <J 111 £AMU Lo £j)l i<ii» ft <Jo.4.i ^j-S <V ij 1 1] **~ 1 " 

■dJj IfUi 

j-*j dJj .^j-p^.11 i*l ul^ t-a.11 <i i 'i i~ diV i.t^-i 4~ «IjjIj tSsU tf\ jji 

<UaA ^JI atiA JLoJuLujLj dUj J % fit m j .1 fl 1^-k ^y-®^ (^LiSJI <i! mfl ^yA <Li^)£^yQ L^LSl 

jj t*k. 1 1 <_>j-oj_ll A n*i i 11 6 JJb t y-fl . «_JL A Clxi ^ylJI j * * ij jj-uj 

A. 1 a f (j-LUj j^L^uj jl fl ^ d_ > C j\ 1 a /> 6^)j) ^ jJLIjJ JJ- i 

6Xo ^yAfl <tjJ <^y5l j ^.i ^ i. C . ^y£.l » I (dK 11^ a <oVl .^ycl a 1 J^La^-a-LoVl 

^IjJ .4 -oAC JLpJL^. 1 (^jl i-a j A <AVI Jl aIa! ^jLi <6l U a n < \ 1 r> J 




12 “ J ? >. i ? i 1 1 ^ <j-=k.j <jj_o II ->■ ^jjb -LitlA 4 JolSJI <ULi, ^Li i^-o j a^JI iiLjl£Lu»U 


jj-iic j <(7 


^ -® *!*» m m. 

d i i n ! jj t fl -v ■/• <t > -v f n 7 II -v. — *UIa 





<Jy^. 4 -U-Q 4 _U _0 _ 1 2-7 

V jl Jjjaj IjLfa. jj-ii-o ^ 

:JIJ^JI r^-i- S I (Joii 

S<jl^JIj 4 jj-aJI Ifl I'JLaJ . S 1 Zi ^ <LaJI ^^4 

4 U -V i t fcjji ^Jl <J n ^ *1 A <JuZfc. ^J-oJI iiljJl J j J A 

^ jl 


4-oj^JI P-l ttifj aIxLoJlIjujI (£ jJI 4-La. ^j-oJI Jl ^jjJI i_i^I^>jJ ^-Ja-j ^ j a a a II I j-A j 

* 

O^La 4 _i$ljILoJl ijVLaJI Jj^ V J-> *OI 1 1 -y^Jl Jjj-aJlj < 4 aaj-aJI 

<-C.J-.~k. ^j_o ^ 4 > a t a -s. II 4 . i -kj a. II JljjJI 1 in j . 4 J n . 4 .J . I oVLa. L j -J .. 4 

• dJj J-aAj (^ 4 -ojlo t i^kll jjil taj tA..uO 

^ i»J y 

U_a I *1 il ~i *i i ^jJI ^ i II J^ J «-il j-Jb I ^ ii—< oV L- .-j k. . I I i — a — • kOj ^jl 

LT* J- UOL 2 ^ 1 -AiJ Ijl Lo_» JaIIU J J-^\J (jt JAxj <G^f l>L \\ *\J A 1 1 

,«! 4 JLi_a 4 Ls q 11 w ^j| < U II » ^jl LajLLa ^JL)I 4 '%-tVtll 4 *aJLj j h ~v^Lfl 

^yJJLAAS <ljJ 1 4 ~> i.A jxl <Ll_ 2 *. 4 U flit Cjji^ Ijl Lfl 4 4 ^Juli-usJI LflJL^J 

. ^jC\ JjjaJljJI ^-fl jlia 6 .AA ^Jt jl <JaiLl iJljJl ^li <^aljL-oJI 

Jjfc i II (j\ JaJ J-A S <Jr-\ fl 1 1 ill^lll jL ^-13 4 -LJLi ^| XlC 


4 X-j ) g ^_a j -a^Jl << 5 jjJcJ 1 6 d^_» 0 VL 2 JI ^>£. <ja>,t J -uJ I ^j-a jJjj J-fl ( 13 ) 

^jISj Vi dUlr. .< fljflj «L> a^ jj-jLlj JjIjLlC. i. t ‘>* 1 1 n kicl^UI ^j - 0 

.<jJ^jJI ol^u«"ill dki^J ^^aUsJI JIjSjVI Ij^j 



1 -aj \ f iiLlj_j Ci-Sj j_j-S < i M "> 11 fj^a Xst i (J-4 ^ \ i ■n*i II 

<la.t 1 La S<JAX Ifl jl <Jf»all J^aj (_jJ-a *1 4~i 'a <-U*. <Jaill Ijl La 

.oVLaJl i> j £) ■*•■ j ' a Q*i 1 o ~1 -3> Li Jfr. lIIJJ XC.I jJLjl j-a j j_A , r _-aj..n‘s II t*L t 'll ^ ta H 

u a^ II . J l > "«l *C > a II ^j| j. \ < «j * P Lj j 1 1 I ^\_o <■ i a~i ~k II Ij i a ^ I \*\ J 

LJx. LaLojxl 4_a_coJI &j-A ^)-llTv »!u\ it ^yJjl JJSj .<-(}JVI > a'l^j a I in"l,Mil 

^ ^ ^ * * 

lj_A j_jj •*■ ‘» jJ5j lj_A .((JjjJLi i_tJt I i 4JJI)) (j\_t J-a_aJI «l-a<al j-J-C.1 La 

<? <* S' 

<( J|_a. ^ If- I 1 ' » I a~ Lo^ .4-0 (J-la-i 4- i, 1 1 -ou H Ij-J-a Jjl «G-iia»iLa_i Li-jLa. jl 4~i ~<V1 

f- -f S* ^ 

Las ^ <G1 i.a LaaLq^ 

jl > ~k ~ Jj| 1 4_i_i_i_xxjJ I ^j--o -tii ^ 4-j. \ 1 1 i II c-Ljj \ ft Jl jL»J^ ^jl LoLi 

s ^ 

.<Lu jlauJI vldjliJ Cf* J^H ^ J&lJI 

^ *> 

4-il^Ow ^^Jx. JjJaIj f-lj^.1 Lj^) \ \ fll i j-^.1 La^ a Lojfl ft n (jl ^SLa-oJI Jj-o 

^JLc jllll Jilo^ Lo j, I x i .1 ^ j lr. jlill <<iaLfiJI L^s ^ a aiTw V 

. 4 V 0. aLtoLi^a^ X <1x5 ^ ^ II ^JL^. 3 J) *^sJJ ^J^L*JI ^J)- ^*» -i^ 

<-0-3 IdJ iJjLuJI jn*JI jlfaJI < Ua_uul^J 4 \fl. iljJI ^J-Lkj 

.4-LfljljJI ^.5 cJlj Lo L4JI <5-1 ^jl 4-fcoL*-^^JI (J^- 1 4-i^jl m"u CjVLoj^.1 

:^UajJI <JU. i <^1 <Lo 4j^.^-o 


p/ ^^-i/ 4-uaL-a X <UslS ~h «Ll0J_Ll// <Ll*=>1 X <Jxfl 


aLLJI <ju 


iJUJI < Jm ft II cJ-2h.A S£ 4 .u^l j^^JI Lq . v^r. <S^>jilA ^ dLl J Jjljj 

Lo. ^\f ^1 i i-o 4_laJ ^Jl LlL-oj-i IjLA^ ^_fl 4—t^Li-o^l I jl j_xLaJL> 

Ijjfc^ ( ^4^?^ 1 <JUJI 6j_A dx lj|^ 4 -lOJ.ajJI cJIjU 4 ^.1 II 

i^ixoj ^1 In ill (jLi s-4-Uo 11 SLrx ^_Lc JaiL^-j 

<tLsJI ^-5 <-^Lsa. J X <Ixo <UolS ~h <x5J-Ll IS 4 X <xx *UslS — ^UaxII <UU± 

. Lu^r. jJjlj <-Ua *A <u> 1 a r. ^ a «4 _ II ^ .^1 (14) 

l.*- » i f Jjl ^XXJ l£-Z\ ^J! ^-fl ‘ J) A J <^_Q ilixj L^_l_fij I LoLu . fl^JLQ I A A ,__. .A 1 1 .-^>1 -V I 

ft J <4 > ii>Lj^JI JLqAXjuuLi j .<^L> jll <xx.^oJI <iljJI 4_U a 1 1 4 l^j.a II <J|jJ| ,_,j .A 

i* ^ iS ■ 

,<xak ^yo <Jb ■*« 1 4_ti a X «t i--sl *>nj *d ♦ > . ^ II . , . A H .^-n 1 -v d \ l *>*C 




4-la-flJI LlJLa. 1 $ qjXJa entangled state <i S il iti n a <JL^ ^ 1 r JLiL-o 1 j_a 

t V iIS^LlA <^l h ill <1 >Q>a^ li <JLJI 6J-A uIajIS IjJ - Lc^Lx iszla a j 

* * * 

i j-a j.\ i ii il Lo ■ jvl lv* II ^U*. <Lu»jJL!I (J^JiXLII j[j\ ijJ\A\ jJa^j 

4-iA.^-aJt Jl ^iaVI J ^ <LuJLj <jl > (^jJI La ‘ , '<_pajVI (jlc i_LuajJI 

Sj </->' n-»pj 4 Q 1~lt> a H £_SI-jaII ij “> Uall ^.-v 1 1 j Q i n II .j i K A 1 1 

J J si» 

( j_4 .Jj i"v ftl"t ^>_n II ^LtJ) Jj-u ^aja^JI J -11 II <Jt I II J V jl ^Jl » jj 

o-j-a. JjJl Ij-A Laj_> .decoherence ^_a ^ i-al^Jl s^SaII 

ill t &1 4-a II *LL»V i^yA m ^ U <£jlflLi*JI 

LpJlj Jjl (CjljjJI CjL j-djp Jja djpA L^_i! . V j« i-o II 1 (-*■ JI I a i <Uaftll Q mil 

jJl JjjjJLaJI <j| .CiljjJI sj-A £-SI^aI J.ifl«.lll <l-iJL <JIj jj-A d ill n-%VI d-tAjAll 

^<U->ftll !jA A k-iI IOJ X «T~ t A j (<t-i.ft.j~i t JI jj-S <LloLh&j X <t_iA. jkUajJl 

«# # 

<Lc. jauj j LaLaj fj «~ ft-lLa. « i~i C ijJa-i j j ‘i >J jjau iljLa-aJ Lift j jja jJI £A Jjl jjJajj 

< a I" a « <GjaJI “Lk^jjaJI <JI-iJI £-\ u^~ (LtilLlI Jja j \i k-i . 4 i ILf. 

(j-ilijlill (j-u (J^lj-~iJI 1 ,i 1*S Jjj-> } ‘ ' , ' r J (<t t^.,11 <Lkii! <t i -%^-aJI <JljJt ^£. li-K 

^LklAli (_$±J-i V jkUajJl ^jl lj-4 (— pp-JJ • <t-i..aJlj < CLt n I I ^ jl l n Ja \ I i~L> 

.^juJI^J 1 Ct LSI S> ‘ * y Ij) t LL_S ^1 4ltft Lai j) Lxo^-oS l iS 1 >IS i ^ 

jollJI {j£. ^-oj) oS II ft I I C tA iA| (J.4 S La j-=>. j <JLiJ1 fjA Lo (j^-1 

|PaJI llolcj La A j ‘A ' ^ Jlj A i . . ... II (jljift {jjj II <t-A-p \j 

^ j ^ j _ ^ 

61(0 <-oJlLoJI <LaaJI (j^pj Lo,J ~U~. <_loLaj j (<JLftJ i_i-^ v : i_a. JLt ^j-oj j-A > . ^ a II j 

1 *< ^ ^ 

■ <jj.>-JI ^-o <LiJLaJLo CjLi-uaLj iP Vj-i j-i-Q -mi j pa-> <t j Lt_> ^j-A 

* t * 

^I^jOJA^-II dAil^AjI 6jlLo ~i III i il ‘Lo-ift ^Ipiftl !^ya pAO (J-^ 

’ j/ S 

S j i no cjLa-uj jl (hiddsn varisblss <t 1 4 o olj > « ~ » 4_ai J ^ ~i » o t <^Li 
Ij5SLAj 1 (j J)1-L|| ^.jj Jjp (dLlj J_o (Lp£bJ (Lie. SjYi-iu.o / U U a II judij CiLaaluaJLI 

(jf»- (jr® ‘Uf*-° u^ 'V ' "> -1 Jf*" <*** 

^ i*r t 

^a JaLgJI JjI . cJIaA * j j (] U. JLaIaL) Jj til II jJt <t-ljLft <Llqj) 11 A .jU\ II ,-.(• IL~ ...I 
(L^JUIaI <i j-*-o Jjxa Jja V-iJ PftljA d a »~ 1 - pAlJl J (<LlAa_oJI ol^ailjl 




Cx& jJI dlJj 1 S.AKlS 4 fljAC. VI A o I Afl a dliljl (jxJ J UK 

.^o j^SUI ciLuKxoJI I 4 ilc. 

*> c 

Lfa &jXj> (3^-aj V S jaJjo 4a-Li~o cl j i a ~»-o J J-^-J *'-i 1 '*i~ jkJ£- jl iCuAi <j[ 

^ g ^ 

^ n If. '*•« -v » j_cua -I 1 A ' r IjljJj 4_i^j^ (j-o ja^l .9 Jki^ O—mj-o jjaa J-3 

^Lt J. Bell (1990-1928) <Ja o-° ^jlj < ^al 1 * > ~> . u lj J f>j ^ » , i 

? - _ „ 

.-'■~> l < \ <G^LcG J A j II el uK I a II (jjj laaaj^a laalaa 4aia (2 j| jaa < 1 964 

^ tf * V, 

\ ' J 1 'J) LU lfJ <UL-ui_aJI ft a. II 3"° £^*>3 1 &A J * 1 ft j .fl > 1 

** p 0 . p 

CjI J) 1 \ ~\ ^yC. v j LLaJI <*1 j \\ *\ j -a II ol j) \ > 1 /)! J-J Ci *~il <3^ LS-^O 

La j_A ^JL-uaj-aJI ^,9 A..A II j. j«Ti a 1 1 .local <aA_tojaiJI 4a.La-a.ll d j ' 31 7i— c. .1 1 cLijiaj 
^jj| . . 1 ...^ II ^JLaJI £jjj_aJI £-0 4jjjia a i ^jLL-a j. i , *“ a 4al : 4a If , 4 n .d (Jja 

e w * t t 

Bell s theorem (Jj 4aAjfo ( _ s J«_Lj Vj Ijjfc . 4a -u-»l ^ eWaasV lj» lalo I ' llaa o jjaa 

i y 

LlA . » ...-~- el jJ_lu If a t ‘ i a j~ < (_yjJI mon-local 4j» . Aj-&^L1I 4. v 4 -»■•«. II dj a * ~ a .ll 

£ £ - 

(jSLl <Luj-C. Ljl *k n\ lj_A jjaa jj fjakl o' ^ A (_j-S 4 a naja'n Sp a - a -a 4 n m 

jjJk 4ajill Ja 4_~i_A ^jl .»_ja^£. J a »*i mj Vl 1 \~> a Lc 4aai j, a‘\ I I 4ajJ aa - l l 

* ^ 0 li "d 

.6.Ua a II i >jUJLll 3-° ^-L*i 1 m La^L±!L^.I 

J-a <1 /x ^ i 1 1 *> a 4 ^ aj^ a*C II c*lx->K.i a II £-a 4 a i , . \ rt 0^1 *i \ H JXlK <<JL^ 

3-° *L-S_cAj-aJl <_iAA-oJI £j\ j, aAILa 11 


s § 

3 -LlJLj 1 a i Q J-fiVI ^ 1 T. 4 i q (_al_j ^-a^-aKJI <*1 j il ^ ifi II ^jlK lj[ <ljK-A^ 

O^ jec. j-^aj| 'a I S4 m mil ^ I-n" II laalf (jaaaa Jf-S < 4 n .AjaJI Cil i «<-ilA-ILi 

- ^JL ^-i-k i<s ^Laa aL i ^jfA IjJ - 4a.ll.5k.ijlj CiLaJja^VI ja^l J^-lj .JaljaJI 

* 10 

many- SjjjlLcJI ^iJI^juII j i <-a,4 > \ mu [ *i . a 4 u mm 4 J ci_ii^x.i ^-a 

V >ti JlS 3 -a La ^Jl <_ cA-al_c 4 > i ^ i j ^worlds interpretation 

3^->^La 3-° II ‘^Lij .d^LjKJt CjI^jLljjj V| 3^"* < - lJ V^ 44 * * a -% .1,4 |J1 

H. Everitt (1982- <5-aJ-ujVI JL^-a 4 . Lax. < ^ aIL > CjIjV^jJI 

cxiK .1957 ^xLc L^ aJ r. 3 ^ 6l^^Kj II <JL_ujj dJj^ <1930) 

3*t ^_^-A <^^-i L^ \ a £"I^Lsl Uj-Alia S. \ u \ II j <<L^_»j_usJI 




(J- d a lj Ladle. 4-ta.j^JI (Jl jjJI jjJb."i ^3 p.<-v" j 4 a A it i j A- j .1 J j j-d <LljLa_o 

(j-a ol k *> jbjl j ((<Uj»LiJI ^jUJU (j-o jxc. x3j .^ Liu j-a It 

55 jj 

I a, \ \ I.a \ Oulqj ^jJI ( _jajLuWI 1 . y a 1 r, j * q ^ ^ 

Z^jAUiJI 

oVl , LL?k VI j i.a ^ J (jJb jj .j-tTill (_j-lt ojj^~i..i'il (_yj-ll <jl,I all (jl 

* * * _ s 

^ j <iio <<t~a i»x II ^_s <<daaJli IjJJ V-*-a 4 \a~^ is 4 ■ j_aJ| illJL \c. jj_*_i ^iJl 
<ua La-Vrkl j 4jjl jlaJI jJIjjlII (ja 4lLo I* ll - * 11 jL'- 1 ^ 1 .< (j'a-vlll IdA (j^J 

• iJLaJI JJ u-»"i (_£ jak_>j (juLti (_£ jakj la II ~k dll jj ^4 jls- <UaJ j-aJ ^-Sj i<Gj-o 4_lad 
|> 11 .» II (j-a Lfc ji jl Lrt. ) i ■ al j a II ^Lod j_a (juLaJLll jl j ■% (Jx.Lij jLa jLa. j 
4-i jl jLaJI ^»JIjaJI j-o d-iljLo j ^Lta jdS 4-OJ IjJ i ^Jla.ll jl-».ia"l <_uslj-a . 4 X ti 1 1 

fi » e 

U (jU <1 ^_i_u| j * i »» ■ »* II £j-a .4 aJ*\-2k Xi oljl juAja <JLojVI \ Ct*s 1 *«» 
"* * ^ ** 

^ fi g 

^Jx. j » ...a~ It IdJi (jjXkLt (juljJI (jia» 1 4 < -a LaJI j i ft" 1 1 4 1 1 «,nj (ju-J jj j *> II jl^ 

« c 0 „ ^ * 

(jli Ijl Lo jl »" ^ V 4jj-ijJaJ J j.Tk j V (jl jdu <(J_J 4-La J I a 1 La jLLj . , i--v. II (J -■>- a 
c> LoJ ^ . 1 ?k \jl&\ 6 pLxLLdUjla b\ Ju^JL miVL_> \1 i ^ ia JJLaJI 

.Jaj Jft u i (J "v i n ^j-° * 6 j. A 

.UjUiLuil V 4 -j 1 LjjjfcLlo 4 _ljluLuj 1 6^5k..g ^2>_x-» a*l ]I LLa 1 c 

if 

d 1 »j< 1 " jj ^1 a II ^1 hi -kVI ^ 1 1 - j .. L ~ 1 1 4 I )l B j_i_L)Jjj— <i <JjU-a (jl La j i a - a 
(jj^j (jl dLiic. j iji~i i IjJ «5jiaJI &xa ^1 5 jLLlua1I cj!j-> ^ >. a~i II j < ( ^_ t | l j * H ) 
<Sdd A Jl ,-sLl jjull j ' ■■■ a~ I (] > « « * (jLlI 4.a-Mi || ' v^~ Lad If. j. t -v 11 jJL 

SddJuLa .-.lj > ... a* II aj_a ^ Ijl Lo dLl (j L..i_t (jl L^>1 (j-a i-.i Um. I Lad it. dll jj 

4 « i j«-i jVI jj I I a 1 (j ‘ * P| l * j * a II jv In » a (jl > (Jjill Jj-sJI (j-o (jl jJolj .jxJlj-aJI 

4Jdl_*_o jl LajLLo (^1 <Sjx*JlJI ^JI>xJI j : > a~,l vanilla version jUjUJI 

^ " * t * 

<jj^ 1 (^jlj *^ >ll-ii Min (jjJI C)l () ‘n'i.ILi (jjjii jk a \ a 4J^ (jil < 4 LL < lr . j» i > j j j-Jj 

~ tf! ~ 

J-a (jL. al *.~~ « 4-Lal /Lll jJLL-1 jj-Lli 4jjj» (jlj lj_a .j j ma' . l l ^1 o i * <A1 ^JLlI j 


. 6 j JjlLgJI j > <G_ka_tujJ <kft i*i~t J-LQJ olidUllJi Lys 1 5) 




dLalSt i a II 3)1 ^^Lll j A i a 1 11 a jfl.a H jcJlj ^jJI ‘3>Ll.fl ‘i jim a* 
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&J-A 5_»L^_j ^_a ^_Aj) II ^Jl jj) % \ hi Llil j) < u-tL^. Lui^ <— t^k > 

dljji ■ . »* ^ II ^-0 <Lo <_»jLo_xuJI c^jbs . 4 -ialqI \ a II 

o 1 J - Ke P ler (1630-1571) -UjLuiI S^u 

■£ 

.ol jILajlift <UuAj V I ^ * <>< <JLl£ j iflj-ua <JLfil ^ ill 

4 aij r <1 ^ '“1 ^jLuj-jVI < L_j_ 11 LoJllfc — t-u-jVLt *\ 1 1 Lj^)j) x^H |j_» 

jkLJ j ^ >1 UJ.I.W ^Lj\ j . A^-flli -0 £.] rx i J *C 4 ? « LfJ Slj-O 1 4 A ^ J -aJL \ .j lu \ J <<- 

<jT ^^JLt UjU <GU-k Ijj ^jJI _ Sir W. Herschel (1822-1738) 

0 

^ j j "i , iiil 4 t5L,l 4 >j*C ni 1 11 < L x a. A- < . u^-aJ 1 <LSj-a.ll 

- George III j^JtUI j_a <jJjjLa (j- 0 <u <LaLc.jj ^^1^ 

^ >* -fi *• & 

>» * * j t "v jJI j -v ^ «Li_iio J5s ia «(J 3lji ~ y \ II i_iYI CjLj-o J ' a •,‘\l jjj 

plij jv.Lajl Jaj ■ ~ ' j ^ <1 »,■%*> a II J a i ... a I I ajjkj .^<-ij_j_L<a <’i.u.i i_sYT <j_<a Lie. 

i^jVI ^t-U-uj djjjjLS IjjL-a (jjj^liJI (jV V <JiJ 

it* £ j * ±j^ £,>jJI LT® 4g.L- a . al l oV L)^ <pLa_<-JI (jJI Coxua l p- Q . S„ jjj fjlj 

r- j j <jj| ■ a< .^. ' .~-V ^ a*v ■. l_o Sj^pJI dJ I o .1 (^jJI ^xLi-1^ J.-sJ 

4 1 "*y ^ <Lilj-iJI ^_s r-j j-pw j_Ll dilflJl ^ 1 1 1 G. Hale (1938~1868) J. » ^ 

j< s ^ 

IjjXiJS ^ ...VI lju^_i j - i/~>^-aJI ^a.ixi sij i mi <j..aL-k_l j_jljJI Yerkes 

<jt_» Ls^j_jjlji <C. Yerkes j 3jl ■^■~ ^—u^i 

, . _S a hi £j ' '■■*■- > ^_{! <Lla ^Lol J .,_lU 1I ^ ju l-fl U. a <lj|_i ij < j fK ^ w. ^kl 11 

j, ^l^Cl pi itl tl (J^j-a .Va a ';J‘'Y~^-I <Ll 1 af. > '■ Uil I ^jp3k_uxjl !J- S <Ll r- j Jjl Jju ‘ ^ a~ -•. all 

,/I^La i^ujjJl ^Ui cj-5jJI dLlj ^ refractive telescope uj'-h 5 - 0 

~ S# S# 

■ ^ i l ^ k. il CijjL-o d ^yJI Jj-4 (J-tV^I <1904 ^lLc. ^-3 j 

Jj^a jJI tjjli <UU <LjI^aJI ^J| Cil iSul <ji_tAj <GjLi^L» <j! 


300000 “■ > 4 icj_p<i <41*uJI ^^6 i^Jl i j * la ° * ^**1 1 1 4 ai ... /v II 4 1*. ^ < a 1 1 4 \ j < . H (3) 

11 ^ 

9.54X10" "x^j J ' AJ_1 X ^ j-i-L» yi J -v '. ^jLuxj <_1J .J .a U 4 \ ... II a I jj f 4 t ~J *> 11 ^5 J~ A ,J_L£ 



£>jx-Luj <4jlgJI (j ■'< ■ HI ^ya jJ±\ Ijgc lie. ga.u g-l .Aall ^ISj ^J| 

* " " ~ “ ’ * " * ,, 
1.5) Lill 60 reflecting telescope ^le ^ *gJlj 

6 Ofcl 1 11 A I ‘(jtul 100 Ultf J ^ C wjl jJLq ^ 1 c J^_bCL^JI C I U~ . ..I ju ‘ 1*1 1 *1 A 

^Le . .ly.JI IgA g£j <J. Hooker 4 ^ 1 1 ‘_>s^l JLael I (| ^ 1 a 

.41ojj JI^L fJL*JI (_j-s ,>j^VI u^iJ ‘1918 

E. P. Hubble (1953-1889) J^La J^jL ^jjl J^a 1919 

^ .A'l t (jt _ <Gl V Utal A t^yt> l_bJLJ ‘QjjlSJI ^jjl Jjj) S ill's! jlj mVI _ 

» • f ' f, 

_ ^ % a ^ t ii 4 >j i n .**ii a. i n jAi^> Cj^- cjLsLlllaJi jAia. :> .i <lLo-c ^j_»l_a .<4 

/jl \ a HU _ nebulae II * I I ^- q jhj ^iJI 

Jjjfi i .< 1 ^J| <La^ aJLj j'- S,.\ i*. i II jvl ...-^yi LlLi^A > oliLii e\ II 

4 i ~> a ~ JLojuLluI < t _yjl i j 1 1 Sg-klj <> a IJ U 4. ,<v.j ,jl^ <<lLo-£ j^Ua-jVI JjLa 

' "~ i j * (_j-i cll£ ^ill ‘(1921-1868) H. Leavitt oj j! a. I o jj_>1a 1 ^ ~ "v^lal 

' 0 ^ 0 
^j-a j n n ■ a *» ,^« brightness L . <> \ u > aJa^Le . go .jj_ajl_A a i 1 ^ 

^jjl ‘Cepheid variable 4 jjliis ^y-o_uii ^^ill - S ^ - l « ~i^ JI ^ \ II 

i *j ■«* period ij-a-'j - spiral galaxies (a_»i jj 1 II) a j > IjJJI cilj-a—aJI 

Cjjljjl I * 1*^ a / I if. *. ■y \ II 4_al mi ei ^ I C- »*s I a II a ...» a » ^ jjl U ... II > . k a ijjjj 

j'*'»" ^ -v *> ii jjj g^sj jjli ‘^ej Cy°j • j » *11 dimmness 0 ^ 3 -^-* jljjl <<il i»«ll 

^Llil^il I *1 *>^ n 1 <Le ... I I *1 1 nLi-3 jj ‘jlt-^'l a U ... (J _Lc. ^^■■vILi o m.t 

‘Qlj -^. al (jl e-s^jLi • a.>iiA jua JjLa jjjLH gul^ .lie ^il “i«l1 

y&j <^g ..-II *gA wjjaI (jLs ‘<Lil j <1 jm i_Lfi 25 ^l-Aj “J lj 1- c < ilLlJI . ijj 

(jl^ IjJ 1 V.j ,g 4lxu j J r. lie g*~u ‘Andromeda a I r.,1 ,"..«ll sl^JI ^ 

• (_ 5 >=>-) *I>^-a (IjJ-lJI ILfi filled £jll tji C 5 CV 4 

-k (jl jkl <l5.jl in 4 j ll^ Lo-o Qj<LI 1 i/il ‘l^>J^J 

<|_| 111 -k. j llallal j.uL 1 1 » JjH gal ^xXs . gjl^yl lllVjl 

llljdjk_o £jl ^jVI U-kllj ^-Ldbal (jil ‘<1LUI u_>jj i_ll^^. g^.1 (2xjgj) «S*a> « llll j 

• pi j-^. a.II i_iVI oll-o (j-o Sgeklj Ci-uj-J 




ol j -y oJI 6 uLA L ^-1 ujISj qI r.j m H S idjkj <L lILlH J_>U a Cj-iL^ 

55 ^ ' * 0 » % . c 

<^lxo *Oj^l 4-i-olljJ 1 **»JK 1 ll_A^j <Lie h \»"t u jl Llo 

ol j A II 6 J-A m f. <JLij_lsa_i <->^> A II jJ^JI jLi_i I fl t t <n 

1912 ^Lc. Li_>Luj <Lfll m')1l J a i A^J ^ Lai S al A . I. H <_i-La_a C>.il£ 

{j£. LuJ&}\ ‘ CjIj -^k o II (jl J-H y-S oLa-L^lVI (_)±>L3 JjLs . Lj j j_i jl—l j~i mi< Jj-S I^j-a 

(jL^ ij •% a 41 (j->-» u -0 - Sj.^. a 36 (jl i a .^. "> Al 1924 jkU. I a. ij 1 Lfl 
.Doppler effect Jjj^La ji^-i-^ J- oJL-L-ujI . LxC. ijJLUJ Ca >1^ — Lf^jOJ 

<Aa1I ^i’u II ^jX. ^aLIJI ji * ~l II 

* ' s *L * .» •*' i 

^Jl Jjju i i VI JjjiJI <JtU. .1 *1 at~~» ia-jjJI J^Jo {_yz J13j A (j -% " a II 

^ ^ ✓ j J J ^ 

(j^JJI ‘tlxL^ *1 ^ I * a! ii.\ ^x . 11 J-Tp-fl Lie. 6 Ja1_laJ1 Lo] fiijjJI 

a * I a>.\ \ x i <oj)4^.1L> ( J^Lx_lj 1 a 1 q ^ — s^jLa Ij-Aj »S^aaJ1 a .> 

t? 0 -$ 

.Lie. Sj*~ t.a CilL£ _jJ La_o ^ If i > u~t, > I fl n ifi jjLs < Ljj) SjLj-iu 

h \ I jj <_i^_i_i /jl ^ I f Jlx. 1 — . - > ■ j ' a 11 JjV _>-j V 1 Ij-A 1 — i_Lj J 

.(1-8 J*S> .till j t j4>Aj 1-fl ■■ > A»jj (ji ji <u ^Lx.t (jjs L^_iAa..> oLa.^jJI (peak 


A 

A 


A 

l .k! 

1 y 

1 ' 

, 

\ 


\j 

r 



<t.> x i \ a II ^l3j) n~\ Ipj} ^L*_ liVI 

J^£. OjL* ala..l’i-> ^Ulj (dlj-^JLo ^ i \ a 

cIj-^-a-q ^jx: ^xIaJI JiAJ! .ctij "k <1 

j # j ^ 

v l*Aj *a^-*-° Jj-^ 25 ^ Lc-La-il j j i <tj j xu * ) 

C>" ** 

aL^jL» jjb <<Ci aJI d J 1 / t-> ■■■^^1 J< ^ . 11 

^5 lli jjLs ID <cjL^- ^. dl 4 1 ... I ... U4 /a~^ 

bj^A* J-L^l jl <V_j_b j. - .^ a . i l 

mmmm CjLo^Lc. j \ jl j ' ^-bjpl) frequGncy 

■^>- fj-i << ^U ..ill J^jUI .( l _ r it1 i-yj-vs 

Jui o ~ ~ (J-«J iJ-i-oljJI ^J-X- I J *~j n d J ^JLlU 

± J L &] jJl ^ ^ l~ > j * j-rsj | < -y >“ *t j_Ji 

(j A . ftA l La j] (J - l£] L^J^Ja 

<-a3^^=» CjL^Lc jl 




£ *" J» 0 V> 

<1 i4a.t f-i J^laJI jljjl ‘j.\ i<i all <Lc.j-lu Cijljjl LaJ^_j 

jlj^l IjLi .iiljaj * il * II 4 i\ , . i j. II 4 c ^ ... II *. Jjl . : " .1 -vl iJj'tVI ^ j . .1 >c <ia_uj|jj 

f s * * * 

t> •***» jji AJS^aW oM <r6d shift j. a, a. *i I £-L»jjVI ^-a <n > Lo I <4_a.^_AJI 

illj a *i~ ^-$_S I jJ ij A I La.l_jj_jl Q>Uj ot^) rv A II ^i^A-A pj-ua I j_A .J-ualjJI 

.lu£. SjaI i a 

4 a mil ^Jl J-ua^ 1929-1923 -LilJj (j-A JjljI ^1 JjLa c-tAJ 

ge p 

jJ m-% (J (_jlJI <il mall £-a LjJjJo i_i mlTi~ £^.IjjJI Jjl <<i1aJ-oJI 

«»o p .9 ^ ^ 

jajuj .1 ^ a Ojljjl Alt JjljI S j y a 11 Cill£ 1 a K <j|j (Lit 4^j-v~ixi II 

!^A a,1x 4J*irw^LaJI 6«JL A 

j> 

Lie L# 1 1 Jlii <fll_ luaJ! x cjjLj <£c 

jJl_lj <Upj_^a 4 i ili ^_lj*^Lq 10 Lit * « »** £ j v a /jl O i 1 (J-jLa CxjLj ' ' ^ ' j 
<ldUi (j_$ala 20 lit Jjljj Sj^_a (jlj < Oil Ml (_j.fi jlajJj^ 200 j ~» - l I Lit ia^ljla 
■ <ojl5JI (_ji j~ "j I iS 400 pLa^j Lit 4.*-%.ljla jjU 

<ta> HlJI &jji c*l ' 1 Afifi («LoAfi i (Jjl (_jfi j3'>J~ l * t (j- m l U> £-°J 

✓ ^ ■£ ^ _ 

cJ IlIajj 4 ilaLlo-a 6 pN—o ^ If 4iaAi 4 j ■ u-i a <3^3 *^— «-u^!Lll 

: ^ UI_U_A jLlalo q I n 411 ^ le_ 4~i m a 6j A» i-iS&J ^i~vj L^_jU a I I vll 

j j ^ ^ ^ 

V /I jj ... a*. A fl \<l . j Aj » /jX- I (j mMU ‘LijJLllI t— a II CjJjH,-,! jl L i n II rt-fi-i-il I « i 
(_jJI Ljjx. Ijl LllV 4 % si t IlA^J (jl .(2-8 J^iJ I) ax&2j 

<(_)<-> JL.I (_jJ| I d ..-»«» <j,.villl ^ L a II L^_tfi I AM 4_lax*J Jjjj J_i 3La (plj^JI 
,4 jIjj <J *UL^J jJ 1 1 CX>^^ ^“^*4 .£ua.j <lnfl*i 4 mfi' i C-* “7J J 

(_J_S P(_j_iii (3h-? La 4_iV («<tJ j, \ i _ 1 » 4-tjlj-aJI C.UKI1 OJjjl jJaJ 

^ t- SI — * -rf ^ 

^ i n ^aJI ^Jl 4_^La^j LjI^j 4 ^ <LoLoj Lia^J^Lui 1 1 

( 1 J iA-^ 1 _A^ i.v a~ < 1 1 1 fl ‘i JjLa ^JLc. J- 5 j 4 _a_ CjLj > L^-i > ') 4 > LaX. ,J_jLa duiLt J j J *i 

^j-o 4 _u ^5 CuIjJI UU. <J^x 4 -oJI 4 AJ.flJ I . f^yO ^ J^I jjl . 1 ^ ■ ^~y 1 1 Lijir^ a <^Vm »i!j 

ji ij) i^i <L_j_uj jjj > 1 a 1y) 22 kms Mly j <sj^ ■«** j 1 j_a^ <71 = 7kms Mpe 

.2.3X1 Q 5 s' 


( 4 ) 




■■"vj/s'wr* *w<z: 



1 \ \*\ > i fl l*S jl nil £j^AJ .2-8 J&««JI 

9 ^ * 

J^-^j <_*-» ^.i u-fi ^A ^ - irJ i 

■ CjI Jl 6 jSLII ^flfi ml «CLUI <Lt Jfl ill * k» a II 
5 j_^JLj j A a * i 1 1 _ J^La-J 

r 1 if X . S • t « A I **i lj /\ I I f ») j X. l l _ 4 * I laJ I 


Ij^J lifljj - a. -..#■ jTj V <l^-jlj 
4 » .y_a_\ 4 a U a ^ I f ■ Lfl_filj lj_i^lj ^jLfl 
:«Llc. a j i ‘n a 4-> j.aJiJI ^ L c II ^^_a_cu 


6^-“ o' 


Olj-a- 




±l_ 


u-J V j 


•u^II 


j-iiflaJI I <<i^j-cJ1 6J-A ^-is <dllj £-o j O-flj 4 /^ - j . Tv I I 6 Jj* 

|j-» 4-b.aJ 4 -oj (2)^ 4-jL^j <£— lu tl)l 4 a \1A.x 11 

* % % Z 

i lUI Q \ <IA-A .. P^-uj L^jlA 

. ^ jLiil^l Ji-o < j jL^.ftll Ijjfc I ^ .t A* i il au <4JjLujV1 


((jVl <LuaU ^1 Sj_)*JI link. 1 _L^~> c—S-uojJI I^J 4 i I" -*> ,n _)jsUio <L<u 

olj^-aJl tsS* <kj-*jLS-o 1 ' ^ -v j Lojjli c*aj (_j-s jkVI jjAajJI ^Ij 

CjIj-zn. -a it jAa i jl <LoLoJi j^i Ij-A ^ i4J ^ J^-^- 

.Lo ^Jl I J rrl \ a! t 1*1^ ^Tt _ ^Li-0 <4 I /II. I m njl &|j_aJI - L i-o 4_kJjill 

it 0 J s J J Jj 

a 1 1 peculiar motion 4 _xj^c. 5^^^. «4 j « <A j-aJI» 6 j-a ^ o < » > 3 j 

9 ^ _*> ^ 

j-i5L„alll 1 \\K e\ ^ . j-xu^JuoJI pi iAi\\ 4 4£.^-aa-o ^1 4-^uIIL 4^^^ 

. 4_ujl^JI 4 _L_lJ^j ^Aa > 1 (j <A» \ <pl iAftll ^LC L^L-» ol 

Q< <\ t 4^j^Jl 6 J-A 1 (j ts*t a \ i o J_ftjl ol^ •>, a 1L jU > Lo_i_fl^j 


4 1 ^ UJl <iLuJli - (jl 10 dJJj Ujjj - <j_iL=JI aj-A ap-ljjs l ^ <5 jjlLcu 3 (_^jJI Cxs^JI J^Li. 

.JLa J)U*\ 200 j*k\ i jljjj-uJ <4 _ij^u£s «G -LU ilo ^)£- LclaIlI^xI Jajj (j-*-* 

<4.1 ml.ujftJl a1j_fiJlj < II II Ujjj 4 > I '■k ft II l \~i C-J) .n-y.es I ^ \ n j <Cj'j a II L j-o Ij lj»!c Jjl 

^ ^ -Lo |k xuL i^fljJLj s-l-iA flJ I 4 U o*> j; -w ~> la wiry ■*! j -y " " Cj I j ~^-q j_j_»_Lfl J J£.^g 

< 4_i!ij) 4 \ 44i 1 1 a 1 50 j) ~k i .Va i~i g-1 .Afl II ^y3 4 o lx \ x j <Great Attractor ^kaJI v 3UJI j_a 

iil^Tk.1) liiV <<illj-A ^Li^Ia U5j '■>'* .4 i . juuajm 4 l“*C . fl H 50 J jLxj 1 ^ ~ 1“^ j 

.<jjljJI JLa j U*^ 600 V ^c-j-lmlj La^xj 


( 5 ) 

( 6 ) 




Oalko Sp^Lo I r\ 1*!^ LoLqH j_joj^iJI * JaHj 

i $ 0 

.JaUa-ftll JJUU Lo_aI Jj^.1 {jl±±jC$j& 

^wi-i-i &yUA^J (^iUI JJ-oILlI ^jl ~v H Ij-fl i 4 i jLUI <JaJLlJI 

«•* 

SjLiVI j. ' ^ ~ j .Lit jl »*i iVL a j -%-o jo_jjaS oLu-a. if - 1 ' miVI (j-S L*m 1A1 m 
Ale jl*~i 'VL o \ -\ i ^ i u jlJI 31 1 . a u j'i m LljLi Lil. LaS^a. <Gl ^J[ 

' ~. '-v > Lo 3 1 1 1 < jUaloj 4 A juaJLa 4 jAj 51 ^Ja c 4 _lS PjL 5> (aLlo_iJD <_g jjl 4 t .7. I I j 

5 jjl -k a II 4 _>aJLL!I ^ 1-1 fl II I fl..lj (_g^l LlLfi (I lie. v_4 j *i ^ylji 4 » L-i 4 . 11 plLls I a $ n 4 

cosmological j ■& II i ' ■ « II I j-a 4.1a -k^LaJI ai-A .LLc ^-^IjJLj 
• jiJljiJI Ij^J Xualj l-o"i ij>. J< dill ^_)n4.‘i t jAjj ^JLaJI 3 I j£»^j C^aII t pri DCi pi© 

.^jd.i a_>-a Jja_> (JVjVli Ij^A j 


* a ' fi. ■ « 

I 1 1 i<*i.q |JjL 4 3^-* -Lie: jjt (JjlS j^a-l 4 i *i a i 4 1*1 Q ^ 4_aa 

^-LljlVI J (.a 4.*1 1 ~l ~»5Ln l .olj.-y-a.il £_a.ljj 4x.j_iU (ju t4 1 4j] aj L\.<~ ^^.4 LaLaJ 

->j> fi. & 

dJJjj ( -. .' Ij ^ n -> 4 c j ... ^_Lc, <JVj 4_1l_> j3w> ^-o j (jJjjJ Jj » In 4_jl_i j-a^.^1 

_, ' s ” > 

(jj ^ 1 L- \ i /I ' a J_ ul_i il ... 3-*° Jjlj-ll 4 J ««*» ILs -Ll_a 4_u__)ill ^>1 1 1 1 ■% MJ ii-4-a 

CjLa-j-o (jji* La^ (Cxa^JI dUj Jum *_ou jl ji LXJ^J -(J- 1 .^ 0 (j^j 4 ~il -> j 

1 . 

3 _a adJ ‘^)-n -\ ^1 r» >.^-<«i II j t »i 4“ II •CjJJ-oj jj P j) o3.!l 

change in scale i _yA «» a ^ iiill (^Lii 411 ^a a,\ >» ill j 4 jj^>i!l ^1 ki-^VI 

,4j_a ■ a jia^l ^_gjjl Cj-Sj-sI_j p j * A II <_-,i jj_aa ^gjjl Cj-S^I jj-*-* J ^ jJI 

j -* 

p j I A II 31 l«-» Ia^-S <Lo J-oLc. J » flj ~pVI ^-a.^aJI J^IaJI J^ljll IjLi I jJ 

■*. \' ' * * * S S> , 

4^.^ Lojlc 4j| 4 iM i"~> < 11 I 4 a I Ljjlj .IjjaS < ^i l Lajlc 4.~i I ~l j Ijj 

4 1 If Lo_o jJLusjI 4_luLi^ 3 ^ Lajlc. 3 ^ La^ 3^J^I 1 SJ - 1 ‘‘Lfll «<i aJI ^Jl LIaLUjI 


^!La ‘ P J ** ~‘ I JjLi CuIj (JLoaIjjjI I VX (u i ( 4 jjLj pLe.^ jj.11 pl^^_aJI aj lj|j 




Ljjr H 4 Uo'i il 6 j-h , yjj 6 JjjlJI L-L.lt. (j I » ~i i J ■ a ,.' j ~L j 4 U a 4 K ^jj-aJI ^JLsJI JjlS 
' » W *1 /. i < (J^jLujV I lj.4 ^ If J .Lfl-l pJ-JJ JjJ=L £-5 ^ (jVl LjSU ^(3*^ V ClSJ 

^ J ^ ^ 

4-)ljj ^ If. 4-o^lx. : ,jjJI lLiJ-l II j 4 ~, , . j ;LL.) 15 ^a-4 Jo-S j*JL*JI 4_>ljj 

H. jjji j-jULj^jJI ^SCUll Jlfl 3 -° biQ bang > tfc» II jl -^.LVI 3 -n ... oJl&JI 
3 a«~. ...I .1950 ^Lt vitj ^x.lj[ gjolj^ 3 ' * • " (j - 4 Hoyle (2001-1915) 

Steady-State 6 j ■ ■■ - H <ULaJI 4jjJaj J <<-»a 4_iV ^ ^4_i I a 3~ ^-lla-ua-oJl 

^Lo^d) o j ■ < > . V SjLqII 4 U. ..I a 1 1 4 iL£JI (j) Laj[ a o j I 3 j > *^ 1 1 theory 

3^- 4-1 ^ SjLJI 3-^-* ( _ > - ‘ ^~ > .a,.i Ij-Aj - 3 j^JI iy° 

5j 4~ j n A H 4j|_aJI 4-ijJaj l ^yi J^jjJLaJI - 3 ^^ £-uijiJ L_fijjJl-aJI Jja-aJI 3 I -J A> m» 
(> O*lo jlo J£ cJjj 3-° J /* <j-!J V) ^ - 

«» j 

c.i *>l ^ U <5 jLJI 3-0 4-a j^lJI jpjLLJI 3 I-® 3-° j < 4 *1 < 1 1 (>-i}L> 1 0 « I—JjJL 

$ ^ 

3 I (j-® ^>Ls.a.~JI 3^-o-oJI 3^a <4 a ia^t II (_j-aj .Ia^. Sj-ia^ <r » <n il A^.al-k 4JL>jJa 

o „ - 

1 4 < •*- ■“ SjLoJI 3 U 3 I-® IjJ .oljlll ^_cuj~ o II pi 1 A a II stress 

«» ^ ^ #= 

.451LJI JiU^I ^^>13 i V 1 A- ~ j.Ut ol a 1 iU^k II ‘.a priori <aIjj 


■ t n -v ~ 4 l< ■*. n ■ mI — ~ ' IjYi 1 11 nil 4JLJI 4-tjJaj jjJ) Lt. \ -y \ o (Jjj-4 3^ 

* * j ' ^ 

JjlSlj <Lojj Ij ^ 11 a II (jl^ jil <Lai f-1 Lo 

^rnkSh, <^UJI 1 xA. >1 

✓ a 

4 hi i . 1 ^1 ^ it il - > ~i 3^J .jxJLaJI 31 (SJ^i 6^ ^- £, - , 3' * ~ > ~ ft " ‘Jj-ij-U SjLjI 

4jV <Jtxis ^^jsUo Igi.i in i~ j-^-a i4 a ii*L II jj-sj J4j_)-loj 31 »Jatl Lj-i^.Lu~i 

C-J-3L-1 -o1 <b^-^.J-o Lo^b ^ 11 » 11 ^jl L-.i\ m II i .ft \ 

^j_o p-l.-Q.iiJt JJ AaLuU - ml 4 n mi il (J_tx»^L_uj ^jL. fl <bo iJjiCj <LxJI jLau *| 

J-otlU 

H. Bondi ^jLo^_i_A 6 ^^ ^ >1 i Cx$ < ^ 1 1 5^ ah m n II <JL^JI ^jl 

ofiJ " ^ 

1 948 ^oLc. fjjj q I c. <T. Gold jJji. 

o“G\>> j 


jiaaj 1 A ja r IliV ...<1 (3-1 big bsng II ^La-AiVl ^j})) JL5 (7) 

.J 4^-^l j\ -y t jj£ Jlo £j1 ^Jl SjL»Sil wL^.^j Ms <<jLjJI k-JjJ 




JUJI jA la£ J .aLai*JI <ja aJqaJI <Ljjl1cV 1 (Jli (ja (jVI V^xSa >i*-J j»J < 1 949j 

* 9 ' * 

VI i_' j a <dJ3 jj a i II 14 a (jaj^l 4Ls <4./ II 4*i (J-i^Jk £,j^aj £-« 

jKl Jii Jl jU JUJI JS&JI J hi jl 6 jl XXL jluI 

ft - * * * «• 

JJs ja5 6^ J*-' <J=“ A^J' J! £^=- ^ jj^ '.JUj 

■ 6 j.4~i mall <JUJI 4 > U-»“v) (_^3JI (jxa.jj.lJI ujljj (ja 

(^.iJtijlII jU_fljV1 jJjaj ^cjj ^ylJI «LljVI (ja j i lS jjJi 4 _oj <4 4 l/U II 
cosmic back ground radiation ^ : j < » s 1 a I a. l l ^1 » 4,1 jj^.j Lg . 1 . a! 
jl jj-S j t ■ -«■ J j-n . uj4Jl ja 4 _Ls jVI ‘ *1 Ai >j . LljjJs 4axj iti i in 3JI <4al i tail a j 

g s g * _ * 

jaj 1 < 4 4_v 4. a II (J-Sj .lila. IjU jl lla. 1.4. I fl 1 4 jl£ 4_Ujaj ja j *S i o I I jj£JI 

10 ^ ^ 

^y_4 jJLi jJk LaJ LlIL4jJl_a ^ lr. ljLoic.1 j <l_iaajJlj 4 ' j 4 1 1 gjl *t*i~ ml jl ~v.~il ,J jU. 

* 10 

i_i 4 a ~i i jl 4 4x II ja J j 4 4 a jjJLi 1 i '‘s a i < ja^ II (j-S JL> j-® L° £j- 4J ji. io II 

ULUI ja jjLa. la. |ja. Jl Vja^>j <4 jjJI JJ jaijJIa Sjj^JL jj£JI 4_Uj 

» o x 

£— ^a->j.r>-lJI 4il.4i~<l j-A &< 1 4.11 iljjJI Jjlj IxA .‘GjVj Jji_> 

^jl <^lj^^fl (j ->-i <Ljjji ' 4 a-' Jj! <LjJ (2 j— *— * 3l (S J^ ^ ' ' 4_iljJj \ > 

ft ft 

^aJI (^J^-iJI 4jsl^3 jl .Ua^iS U-oj-ll f-SJ (^yJI Vj-aoj C-ljjJI ^1 t \-V_l jU-» 

9 ^ * 

^y, 1 ill'll (_yjJI 4 lad X II jl^Wl ^jj_ujj <|J .<— > ft 11 Ijjk fjji La . xS 4 4 jL*iCi hi 

e- 

, 4 j^ -Iq t ~>-~> (ji Sjjls Sj jj l l iml j\~~> o 


( _ r Li .^-juuJU 04 (jj^JI (j! SjaJj 4 a a I t (jl ( _ r l£. jjU f-tS3JI .U. "> -a (jl 

H.W. Ja^jj J^jLa yjLJVI ...^LJIj £KU1 ^LkLu,l <1826 
ijjjj j»J 4jSJ i£-luj 1 j (jl^ (jjUl (jl | j.l-^c. S^Jajj (jl Olbers (1840-1758) 

•* s ^ 

Olbers (^^jJjl ^ j < ^ ^ j«L» (jj(l Vl^-^ .al_> (^3JI 14 a 4. La a! 

s ^ 

.1610 |lLc. jLa. 4j _jZLal _ ^lLiI joa lijjjLa (jl^ (JljjaJI (jl £a _ paradox 

JS» 

(jpfl iallaa al n i nil (jjS 4.4x4 -l (_yJ jL4j (jl ^n-jalill (ja (jl ^yJI (_>ij jl jLil afiJ 

jU :«■ -*^>1^ ^jl J^laj wLfl j-xc 1 1 ^ r, i ^jljJJI <Li1^ CxjI .JJJI 




gi 2 ■P' 

J P yJ*> a Q 4J11-0 6^ ^->1 ^ajIaJI £1 .^jii ft uJI ‘T 1 

2 tfj S 0 * % ^ 

Ij-sw *M_i^Ja j\ \ $~\ ut e\ II <t*l \ if. /)-o Lo-kAi ha -® UaA <jL£-a ( 5 I ,j-a O -a- au j Ijl 

» ^jl i_x-y- 1 4 1 1 1 1 II pLa-uiJI jjLs IjJ ■ ^ *1 1 ^]Vinn 4al^ <pLa_uJI ^yi\ jJ-uaaJ 

if 

^jJI *\ nil! ^yo Sp^Lo ^_A 1 ll* Q pLo-uJI a m il j%inuu ^j)U << 1 ^ LflX-j)l^ m 

a 10 II ^j-o k fiV V 1 ^jLfl < < x ,i J.JS 1 .1 toA at» ^j! »Cj1^1 <\ <«>J1 

.dUj JjUJj V 

j 5 (Jjill < Lo^-L-uajI j AaQ Ijl A Afljfl jiaill - ^J «Loj 

jjL-aJI p ^- ueJU ‘~^ J) c Lo!j 4 j^-» ^-1 ^ ^ 4-^-^ C.Jh>Q ini (4.~\\a CjA^j t Ai \ 

(j-« Sp^La pLq-uJI j jflj ^jl (j-® Vjjj <ljJ .ULuaj I a~>. a.) u 1 II |v j-->-'' I ' (j-c, 

* 

<lj_^. Sj.uj • j \ 1 1 (2x3^ ' ■ < "■ ' j iCjtj-*-i - Sp^LJI aJA ^li <^ < <1 n i~ijl p j) 1 A 1 1 

.4 >1 'III 1 aal a ' “ a pLi^ij ^_S ^ j 'l l a JA ^ (j . I |~I /j-La 


^5 jaj ^jjl <pj)jA|| aj ,m,i ^jjb jSLi jAa^'j <I,U4»~ ^j 5T| 4 t~il*> II 4 J 0 JLIII 

#* 

‘V \ 4-fll 4ii a 'I ^_fl I r>i \ \ f. .Li^JLLo (jL^ ^ 1 \\ > f.l ^Jl j*r % j 

ir^3 •LjfJI Jj-^^il cJj ^1 ^jJI ,ji ‘pljjJI (j-ll o-pjJL> ^^IjIc. _>kli 

(jliajl dUj IjLo V < pj) 1 A II a_jjLt Lojat. ^LliLoJI IjLo 

<^_i_jllll tj- 4 4 a u-ill aj-A SpI_> 5 .Ljjjjt jjJI pj; .A II J_uaj Loiic. 

1 jl <4_ijlj 1 0 ) 4_ijQJl > I 1 II jj-S J^lj J-^- 4 ■— uil'C l_a^ Lfr-JI j JaOJ dlj^ 

4 1 I AL>jJI <_)IaJVI (_g-j-Al ^l a JU a j .4 U-t III ajjh jj-A La^ V <^4ajlj^jlj 

JaA (J-> i_ij_A I 4 iS (Jaa. 1 11 (_ya-!l 4ikaJJI ^yJb La^ «4jjlajj^o JaA Cul^ La^ 

ill is \ ' ^ jjl pj ) j ^ > I I CjjJ-aiil aJaXaJI ^1 m^VI JjLa .la^JLij .cilj (j-® 4aaLij^j^a j - 

pl n in II OaL£ jka ^j-aj <aJLfc a jl ja»- C*al^ I a *i i /' 1 11 II J^aa^Li (JaA JjVI 

i 

<Jal^JI plil 1 11 a II jLaVI ^j-S Jj-i . 'A. I jJijJI 1 \.Vfcj jm .^i I I pj), 1 A i a J nit V^laa I (| K 
p la - aJ I (Jjj $ Jla <^J5^ 11 a ai < Jjj- >- a i l l ^ .A l a jl jjJI (^a^Jla Sj^JulIj 

<2 \ -. j . A II JjL'... ^ ^ jgjja <Cai sJI dllj aaa 4a1 Jaa 'j ■ II * 6jjaLa 

l fl <^^.a.L*C 4_^jJ 10 ^ 4_^.jJ i_sVI 10 4al_)J 4ajl^j^ p ■ ■ . — - 1 4 > II a, a ,-i.i l^ I I 




cJ _H-a>iLJL 4 tn j i ja 4 j -A .^-aJI Jl^lsVI (j_J^S J <j-a Vj->J .^LjI_A (JJ-aj CjJJ-aS 

ciLj ,4_»S^a olj Lo-lLaJLl (JaiLSj 4_lza^_o V 1 jLi .**«-v * aCil jlj *i's,j_^aj 

cjLa.jj 3 p-Laj 4-a.^j j* <j >*5> t Jjj! ^ m ~v I Sj_i_a_o (jVI ^j-A 

* * * 

(j-a 4 _ljj^ AXm i VSLj (JjJJ! . r S ft a xoJLi <ljJ - |j«K CjLajJ 3^ JyUiall j a ■ ^ H 

% <a 0 

Ij-Aj <ljL=k. J J «*i.oj iia. p., >jJ5 yL ■** j f j) jAj VM I fl ‘X I i a -v j ^Ja_ui jJSL Sj-ii 

* * * 

. d ftlU A c l A ill I I ^ U< < I i 1^ I 

jA > t> » II jl n a -,VI ^ j J-a.,1 £t_xu_)S I a.' if j i m 4*t II lj_A ^-lx. f LaljJI JJJj 
(jL LAjI ^jjaII ij; J-^- J j)Avll I jjk ^jJI I jl Vt mlj .UjJij VLaxa .1 (j~-l -«H 

(_£<ill .iti^U < 1 -^.j-aJI (JI^JoVI (jV ftJioj £_a (jl I_|-T.J <jj£JI SjIjXa «L-jJ 

CjU jVt (j-o Cj-Sj yJ l j ■ ‘-—a jjL La jLs tiilljj 4 '" ' J -CjJJ-aj 4JS al . A a II ^Lo_i 
4_^.jj J J-S j ,.*. ,Ai-\ ‘.I ‘LH ^_s 4_sUoJI 4_sl!iA (jl <^LjJo £t_j— i^l 

■■ 4 a -. -v (j^SUI . »rl .Ai I a. ' \ » a |jj U .. I i c £_a I i ui&C <_i ml >*>" * jl j -». II 

Sjl I ^ J j (j -y. Ci 1} J J-Sj .4 8 A nJI l ■$ j a_v,8 i Ax^a.) ^Jl 4jjjl j^a. 4_^jJ (jA.8 -L ~l~ 

aljj^JI J_3L_j La 4 > I U (j_* (j t,~ l *i| (jiJ < ■> ' l*i » II j)\ ~y ~ i iV' ^l-» >Sil 4 ii i , cl 

(1933 ^l-^- A. Penzias ^jiiLajj-i ^jjjl I a a 4 t* " aj-A L^.jjj 
(pl^l U 4 II 4 a cALi (jljlll .(1936 r Lt Jj) R. Wilson 

Ll£ Jj .-6 . 1 i~».jJI La^xa^. a t>SA jAa .^1 a-v.ll ijj j-a ^ A II 4^i.j_aJI j^Vall 

4 A II jjx I , AM a t i <~i j LSI j_a (jljjj_> radio-astronomers ^jjjjajl^ 

(JJil III IL Echo a_Lii a, II ^ M '~ «vl JSLlJI uu ^Lt-J jjx. 4 iAl «~.mVI jLk. 4 — 
jL .(£J-Ijl >11 ‘‘"all ^yS 4 . ...I ...1 (JjLuaa 4jLa4LLajl (_yS ^Lal «TelSt3r 4 1" II 

1 1 il i ii ^3^ (jL (jjjJI (4 ...(] , , . ^ in xLiLJI ^.a'^.^lAJI jJacui (\t (jl.L^aj LiL L ^ >1 

(j a aASj CajL (_yjJI <4 xaAj^I jjl iciall K iaA f-LiJI JJ-ij .(Jl <4* mVI 

J^L-iIiyi (jl Ubja (j-^^ 4 .*‘.11 ^yj| jLuajj i(jjl^jL (jJ| LcJhj^ia ‘ja.1 a L II 

J i m*. > /i II (jj ~t a II I ([ C L iSij^g < Ljl.lll a^<ll LLL> (jic I jxC. jLJ . 4 » a i i L i 

< iu| ni A ^C-i-A4>aJ ^ U ^L^qJI ^Lj ^ ^ II V A 

. L> jiS 4 SjoLo <L j_)jiJI 




» 0 

dlJj^ <£a. 5 jjJiJI ^La-CiV 4 u^jQi 111 <ill 4_uj|jjJI ilmj JjLI 
4 J 1 tj ^111 ^1 x itiV I <L*_a ^L o (j^ *4 j 1 tftiLSu^VI le-A c> t ftc» l ^LlJI ol^-> au I I 

.A ^ 

\ -.-i-i 1 -.-L 1 270 ^ lli ft II <^*i1l 2 .728 <3 jI^a. 4^.jj ^ 111 ^ 

mil 4f£j^J <^J-U C\ Ju II 1 1 \a\ jm Lo Ijl^ .(3-8 in II 

^ * 

a. jJaJtJI i_jjUJI &1 a *1 * CjIj^x-aJI ^j-o 4. * I ^ ^ II I jl f'-j) a « I ^ K II ^ Lfi._lJ VL j^ fLujA^o 

4 _j| . 4 _dl Q^Ikj U^j * I ~ I ($\-* 4 Jilj jjb ^[a.au ^ I (jLs <Great attractor 

^j-o 4-C . A J a xH ml bjjLAA £j\ t\ AAJ 4_lj <L_i_fi £\ II ^_2 J-^lj ^-11 Cj-Lo ^kJft*vi.a 

* * ajjH -lu * V wLIa Ijl JjlS (^H 5 4 1 i^l JjAa \ I Ct rfv 1 CjL^I^JLsVI 

j-jj-iti cjLSjVI tj -0 Cxfl^ (jl^ I I x I I ^jl el .Aii V . jLx jkc . jU^jI 

•liBSJI *K> Sjl^JI 



aJ — 1 I 1 ^hLj-s (j ^ rt a II 3-8 J...51 ill— II 
^juji pLaaJI ^ui j-U-^yi 

" * 1 

^ * j . 4 1 ^LJI a 11 LUUI £j * j 

1 I 1 1 jjLi L$_s Lull ^jJI Sj JlJI ^* 1-^*1 nil 
ciLM-> 4 « (_£dJI J^_iuVI hiaJ I 

ajIjA. ^ ...■%■ 1 ^7 i /*> a 11^ M. Planck 

— -uiK 2.728 Ujj5 


plj^l) J4 j3J 


jt— > jLj JaLt jJL-ml^g tftJaJLiJt aj_A J I f. I * .a <->^Jo..I.Hj J_ua^J) Jj-t 1 j_a^JI I '1 '1 ^ ^ . 

. wi 

II ^ iq LijJI a i < 0 jj ((>!:. ui'i il cjVjIa-o i-^) (i - ' * ' * Cy^ ■ j *>■ ^ 

^_o (^C-S jii’n '<1 > ft i*S (9 J i^-i ft II < LiJL> m^kl jjl aJLll 

J Jj-ajl j\ I* t ' d 1 J ^ * _) ~' " SjLaJI 4 ■ '•*' \L- 4 ‘> ' » a ,~i l J JjlC jjl 

jjjill 5j! j-a. 4^.jJ 4ft ^Lc. i_Sjj«jj <JjU Ci tl*il LjjjCaJj {_ya tiUjj ^JLaJI 

m f _fi 

4 0 I *1 -^v A Sjlj-a. CjLcwjJ ^1 X -iTiV I 6 J -ill ^jl SdJj 1 fl^-3L_> 1 a ‘ (SS~* .4— auLx-S-J 

& S s iM 

m V I -in H ^ \ < n il (3^* ^l-- , ^^> s< 5l I — 0 6^l^.~x II 4^.jJ ^ J r fl J *t 1 

jxa ! i <Li-2x^-oJI Jl^ip^l 4jl,j <(3-8 <ti 11^ <7 J .>*> o II 




1 » 

(jJ-iUL 4-a.jj ii^Lc g. . t _^uLiillj Sj! j-=JI (j-u <-3iLc. ^ ^ j? " 

a jlj-a. L$J j_i Jt Vi ‘LL>_>UI 1 »\^a> |_yuLiiJI ii^Lc-j 

•(j^j-ll £-° Uj^ 


j_yjJI cJjLajJI tljj w-Sj-Jtj LiW isLui^i <1 »jIjJI 6 -i^-i ^ t.jujl jlS n t 
Sjl j-a. (jl I_4a^ i_SjAj ■ j- i » I I Sjl_^JI k. a .j 5> Lljjlj >" o L$_i 

* * *L * 5 * 2* 

OjjXj - ,3^V Cj-Sj jj-S ^kj rlj^i <QjjS lj_jj| (_£jJI - 

Oj 1 »~i Jj^JI CjI uaI-i (2)1 ' a I (g ~ U / "l^-i gVi~i nv\ <J > ujj 1 o J.U IjJ £-° 

* 

CijlSi (_yjJI S_)l_^-c»J! (jl Le^-a-C. I \ a 1 j . <G_iljj ^ya Cj-Sj Jl*_» 

(^Jx. SjjLa ^ K-r^ L. 4 1 1^-11 o.ll ,-■! . ... -^ II a (pL-JoVI (j^ju J ^ I ~ ^ a " j " 

(J A » t t ' 0 . A » 1 <Jo x~i_)_aJl (C)LaXj-a^JI (jSJ < 4 1 11 . C. Sjl_)-a. CjLa.jJ (_j-S jlj a~ mVl 

«! if if 

Al" , ,.\ /j-v 1^ .4 1 .ft £jl^ Vj. pi Axil ^ tkim 1 V <L&X 3 L-t -0 LLLGjI 

^Jl jlj-cJI J) ' 11 J ^-LaJI J-tLxna <1 \ -%-jLU-o I j \ a I I I J-A 

tXcl.ixL.^ ^LxJaJl >a>j <|\ tAfl 11 4 j 1 ac 1 xo ^>-i- «-ol CjLaj^c^ 

jlll&2 1 ^ 1 c, gjLXj ^JLll oMcUlJI pLUjI ^j£. 7 ^^' 

jl (jSL J <^r vK a ,11 d Q * ^ J * < ^ x i -Liu A i lU^ .jl j-dl 

.Lplj SjLJI ^ uj^J' 1 ^ jIx> 


^ ^ ^ c. 

1 flj t * q ,ja iij.fl-j 1 T\ 7 k 4-c^l^-o S^)l -1.C- <l5_jLuj S^jJLs ^-_s j.5^ 

dlj^L> (J^Ia (j.Am.1 ljj£. ^jli.1,,1 LijiiS j al-kLo IjJLa. J^^j-Lca^aJI 

* i~ 

‘t^yj t-Lij-j (jj-j-Lj 200 (j-° ^ L ^-' j ^ ^ 1 ' 8 ^ 1^< ^ II Ij_a — Planck I © n q th 

ijjlj <L>Laj_kU (^ ml ml _)ljjLs 1.6 X 10 (_£l^ _)ILaJI ^ ya (2jjjJ_i_)3 

(2>l^ Lajic. olAakVI (jg.i 1 j>,kni~i (jX-ljjj 4 JLJI LlpLij-tfl (2 jLs - (9 J i<-» t II 

<Li_ijLaJJ (^J 1 4 -^.La-i ^y^SiS (jJC-wsJI ^ya “LskjjJI a j A l.a. a J a ( 2 ) l j < C.ll 

1» 0 ^ 

(J-°J <L^ iSu LujJ ui^-^ V 4-j^lajJl 6 J-A CjI j5j .<JUlil 

<<uJ[ ^^laaJLix)^ ( Lijk-jjLj ^JLii\ j ts~\X II lj_A JJl aILuiL^u ^IjLd 

^ ** 5 * 

(j-a aljjJI (_jJ| o-a>IL? Lkjj^r: (2 jLj 1j-* 




jjlj 4-jujLi 5.4 x 10 ^ \ JjljLj Planck tim© dLj^L> Lil^ % 

,4^jj 1.4 x 10 32 iJ^S ^ 1 il ^jJI 4 a \ a 1 <^^JI 

LlJ V Ij-a. p v \- 9 ,.\ fl C. I J_A^j .'4 *i m (jLJ-o) CxJ -* ' * 1 5 P-l— Aj J-x-a 

^ a 

V CxS ^J l lj-A I j-A ujJ -%. > 4 - tt i .A J-U ^ A.&.I1 (^-^3 ■ » ^> > > 

J i .i^l aTi ILt jJUl ^Lo!LaVL» ^ muJI 4.1 > 1 ^:> j Ussh6r j_Jj1 a 1 L *\ <1 \ ^ * > 
4004 ^.Lc -tto 23 J-4-o LS-i-sj 1 ^ tjUi diljJ £y}* '* c \S v 7^ 

U > /p\ ^ 

<JdJ 1 V t ■ ^ ~ ^Ji 4 jSjJI < s-ljuJI jvLxla (Jjljj CJj (illjj .l^(}-la ‘jiLiAJI JjJ 
lljl ^ <Laj j^iaj CjH-oLljjJ I Xjo ^. 3 1 v-tjuLo-> dLl Jj < J-»lj>xJI S, vAl ^JLxJI 

Li _^3 ^\ < 4 \ * * > ^1 4 _»jJLq 4 _»ljxJI «-\ vA * ^j| J-qLj 


JIJ-uJl LjLx^.1 ^jiaJ .L^LsJLjlo ^J1 4 -^.l ^j^.1 4 -UjL> 4_o!j 

3 j, 

6 >,\ v ~k II 4 -jj-akVI JxSJj U \ »ii > c-jlj) ^ 11 .j\ i h » II jL^-AjVI 

j».lj Loj <e-^j-Lu (j%] ^yl\ |_|^-~fc."i J fJL*JI j '^...a 1 1 .^lia ^_s jil :(SjLc. 

< i-a.gix~i <GLi .explosion jl a ‘.t Jjijj^_> . al r-l i-U *<t ^ L. i i lri » II jLa^t *>V1« 

(J^ oil :<j^ p-LiAaJI ^-lUj II jl-a. ft'iVl iLo oSJ I4 A~iliw 

^ p ^ ~ * 

u' 0^ j^j .Sjjj-iAJLi jJL*J| < j \ jj; 

j-A LLo t&U-».».u> j tli'm (jjl ^jLa. SjLaJI Lajlj «Loj (jliJ .JjVI ^J! 

jJ ^jl ^ *ij.i liA^5 jla. <dojaJ ^~i~k . 4 a U ‘i a II 6.XA (_^i.lj J^-a. 

jJ ^la. IjJ .1 i^.Iifl Lajlj JjliJ <JjV! ^1 <J lj„) a aj ((La. j~ S a» (jjiJI 

^aj JjAi ^ jJlj _ l tll.^k <LiS j£.lijJI I *< ^ ‘ UJ ^ ^ L)^ 

< ,, 

l.a.x, \.£ - CiLftLaJiVI ^_iAa. ^j]\ <-lS (£ jJI (2^a < i i n (^jjjJj 1 5 

(2^ <tdJj £jt <aj ( j * iV»II 4 jJbLiLo' 2 f 5j«i> jj cjLsjVI oSj (jj 
(2x_^-> |j ~ " < Jn 4 i <JLaJI dlls ^_ 4 j . <t J t i II ( j L~i ^jLa. J >*\ II <_L^l'l~ aV a a U '. a 


<oLq j ^1 > a . I ! ,jja jljJjaI 26 la.lj ia <j ...lli! <cLJI <jtj A_ijljJI _i j_j La UL (8) 
http://www.merlyn.demon.co.uk/critdate htm. 

,«explosion» iaK <iii3 Ua JaA.il «plosions» i-KII Jin Laj_, (9) 




O-Sj Big Crunch l .v-a.l^c LSI m-'il ^ i <«l 4 1 » »» q_$£JI L^-lS 

* * * 

<Lajjj^jJ| CLWI Jjl tdJj .1 a» .A I (} 11 n~ -4 jljj_> S_>ia J iS~ m nil Jjjia 

jJUJI j.i*\ a~i II n < ,\ji i'lc _ jJ^lll ^a Jj.xA.1 ^_jill (Jjjlaj <ii*JLaJI 

. jKa j (jj Lojj^»_<i Cilj-JI ^ <GLi 


■uj^ c sj-t“ *■ (* o * * J <_y4 ‘f •> ! a- > 6 -^-j 

£ iny !_yS «G.Lo j_aC. (jl^ Lajj (^jJI <(j^JI ^y-ll V <(_jJj Loj_a ji-ilil ,,,j 

<Cij 4 ~i J II 1 5 Cil_)ja 6 _)Jaa jJI (j^y^JI |A -^.ta V J <Cjt-3 j^/I 

^-aX .1 j .scale 4 -ojLlS-o JjjJajLuj ^ ,\ L'a. I < »L<.ii Cj-& j jj -8 j » u-i l (jLS 4 -l^J 

g< J s 

^j£. I > II *. La-ilj^.1 , u> i* ./j r>J-»Vi jjjj ‘LaLui-oJLi j I a ~i ' ^jJI J-oLxJI «4 _ujI iS o i» 
i*l 1 1 ^ a t ^SJI Cal m ^ I La <100 ^jiil « q a II ^,La lj"\ & j .Ij^I y ' _j!Lo iS J—^ ^ I 

O-jLfC '«« (10 ) (jj) \ 1 I II Jj-a i J-'vl J (_j-4.ll t S a II jjlfi I .nj ) f J 100 (j-iikjLiJI 

<^ ij . (_A-° 10) jIaJI i^j . o (j^j-iLiJI (j.a j^.1 j LijjS CaLu-tL i jj »* Ij . -— ° » ^LiJajjjJI 
^ jl-a-'J lj_A (_j.il i S n II (J-oLc. Lc O-ajJI jl fl'f.l oLmaJ (jjLUujjl CjVjL*_o . a 1 1 *\~ 
£j)l jLa_aJI A,'\ j I <J jJLa-aJI CulSI^jJI Jj-LJI J ■% j Jj-o Jjl /_)L^j . ^j_j5Lll i^ya <alli_o 

i.44J_jJI ^—toLijJlj <C-1J-^JI jLl.SJ^Li (J«~ I ll-l C ~ n II J <J I Ul \ A II AjLSj 4 jl J Li II 

1 4 n.\a (_^jj| <A. A. Friedmann (1925 _ 1888) (j t i ln a j j j A ■ > A f l jjjLu<$J! 

&J-A J « '' II) 4 > a i">-ll ( _ J _a_aJLi 4 ~ il | 4 -|| J -^- 8 Sj— ilil_i_ 4 » 1922 

(jjjJI Jj I ^ II (_j< i a*i j.-%. j AS j .(4-8 ... j l) ( 2 jCoJ-j_j -8 oVjL*_aj cjVjL»_<iJI 

f 1925 f Lc A. G. LemaTtre (1966-1894) L> <: J> UII ^^Kyi 

«4_ij_j^JI 4 <A v aI1» *L<1_4JJ Lo j .frlj^JI L ^_1 jLc. Jjl J)L£ jjj 

.jA-JoaJI jL-^a \')l 1 j»_<jj| ^.jjJI I ^ i If. (jU -4 ^^111 .cosmic egg 


4^ I <tJLlJLa V^j Laj*! 4 e\ f^yu * 1 ^JLsJI ^j\ lULa. ^ < i i^^Jl \ a’ i 

4 ml i fl fi j^l jLo La. jTiixy LJlx. !■>-<<> r^ll jJLsJI < i iu >j .flat 11 ^ In jua jl ((Ja-iduja ^)) 

4 ^-o iL 6 ^JoL u Lt^— »jj3 1 Ini i"t t < \*\ I ^Jl I m 

V r. JlaJI jJb / U i i,i\ a ^ ,H c. .LlfjMJI (> j-o 4^1 * q ^ 




Col£ I j[ .JjLo fJLc 4-8 mil 

u J^J ‘i * j (3-o 

fJL*_U (3^ *j-»VI i jJ[ ^ ' ' ■ "ji jl & •<>>) 

j* J \.r. i <n i <<n!u <Lfil \5v (3-o ^ J cl <LfllA£ 

<ajla (j^l -alj *n <^Jj1 £-aujj <ia.^-o Ja_jj aLSjjLo» 
(jjSLLI jlS jJj .sj._iki.il jl • > ..i ~ iVI» Jl J-u»jJ 
d *x I <jjV 1 _J| j ..i^iJ . L . .a II . 4 j 1 1 ijli^Jl 
j-oj-ll Jj-^j £-« ‘JJj < — aJajJLJI Ji J j Hi .. . 

Oj^I ULJI oL-Liil .<il^iUI Ji 

(jj^JI Jjtj (^a-J oJjJa jL—ojI 4-aji -jiii jj£. 

iia.^ J IkiAa Jk-J ji jjL» Lojjj ‘jj*-®-* 

■ £jLujJI 


. 4 » a , 

■ 1-la.lj IjLo (_£j-a.^l Jo Lo-Ali\a.l LilLa. _\ » i~ JjjJaaj Ju Jjl *i II (JI «a t’lMJ J-aJ 
Lajlj » II » II J (La. JLLo J. (Jlo ( I la uuio j»JI » II J_j^ jyjLjj (_j.i-a.l_j 

(V a> (_j_S (jLio (J^ (_j-S (i-iUi.xJI jL-a. a'lVI ida. jJa.fi ^j Joj (&lj_o 4'i'u _>ac 
dj-a. I jjjLua <j|jjJI (_j^ (jlS |JL*J1 (j[ (J^LlJI J->SJ Jjjxj .tLuaaJI Jo <iLo j i£- 
(jlj (Ij-a. IjjJuua <L»lj-jJI (juLii-oJI J _ l j) \ %s J i_ua-Jj - J j) \ x t p Q i 

La \ m Jjl* \jl* J,VI Jj-a Lo-AIj.^ 1 A* Jj \\ I II ( Jj iIItl/La II 

<iiai-o (-S ^U(..L < Co SjLaJI Jj-o JjLa j^ 3 Jj-c 4_»lj_JI fl 

"* - J6* fi * ' * - 

>.. ftTkCi j>l£ j_Ls # 4,<„i,i^JI jjL^ jJLaJI JjU J^aJI i*l ^ i/*> 

j ^ r juSulaJ^o Jj-c Jjt< a iiLi^Jl 6JJ& CA-iL^^j 1 0 t pLJI Jj-o 

.Jjjill Jj-fi J^La jj3 <LojJ IjijiLa <LojJ IjijILa Jjl^ Ala .ii^jlo 

^X, jJI (j-A LjLa^.1 JjjJJ^ILo ^jullll JjLaJi <L>La0 a~\ <Ul’i j^.1 Jjl 

^aJ! f Lu^VI Jjt ^ s V IfcXj ft <J)-°jJI £-a JLil^u-a ^»JLxJI ^uLiio Jjl Jj-a 

I J_Aj <J>ajJI £-a JJ-oal V f^iLjill 1 fl I <ii*i ^aJI JjLaa-exSJIj <Jj"^ li 

** 

ftl (3^1 jJ® <-aa .C*lj A - a Jl Jjjj J ^aJI CjLflLuu-aJI 1 xA»! 




9 # ? 

CiVjbu (jl_i 6 jCa.ll Lf4-cut <LiLta-1 (j(Jj CS^ <^aVI I jjfc 

j JJI ur i ^LlaljL) ic. jj-a SjLJI 4 _lS j li * ~ J jjii Jl jVi m~l < JJ n* II > & i/-i~t . jll 

^ w ^ ^ ^ ^ w 4 9 * 

.cl lAall 4 m n ^_Laio <_JLcL LLaLfij < <<_U1 a II j> 1 r <<Ll£ 

0 9 ** s ' ** 

ni l Vj <« Jn.ViAll <jJJI» lj-4 J| VI j_i mij V (_yuLijLcJI JJ^u (jlj IjiA 

Jjj-aJJ ^ j^.1 <jL>Ja <Lojij .frl lAall (jU Vt Jill Sj i» i <—» 11 4 /tUW i til j) 1 m i Jj I • ~ * 

!j9 (j j a - Jl lj (jt£ <(jL~l.ln.Vl CxiLS Ijl <j| I a ,^.V-j (jl <jv_i~i‘i II fj uA \ (Jl 

(jl ( j*n a i jLs < JjUx 6 Jfi <1. U ■ ■■! J t y n. V 1—1 LaJblii^l (j-iUjUjLO <C)I j n. /» II (jj 1 nJ 

9^ £ 2 S ' ^ ^ * 

( y±j 4-fll Ml a II JJall <<^^£-11 £— J-* V 6»X4 ^Jx. uxLa-jJI 

-Ljjliilljl Sj-o dJLL> I Afl a L$JU* ^_Lc ^UVJI 

9 II ^_a <<*1^1 j <ic^l^_A_ll <Ua2_J! 6JJh j.x£s.i 1 1 Cj\ 

La^-jl ^l^isL ^j£- Lq-aIxxI /jinlxfij u L j^ ^Lojjij-i cjV jL*-o 

© * 

CjVjL«- o <La ^J| <4 \ jl* > I j_a (jx U_aIj_^I • v * " * ^ <LvA-< 

Lls^jc Ijl Sj I g alnVi Jill 4 al ... a II , I..u<.-Vt 1 . 8j*S Lij xii Jill i^ jn I I (jj j_ij 

^ ^ Jl ^ ^ 

I * j a I (j » » j a (Jl~~ ■ 1 1 JjjaJfc a ( 4 1 in 6 jt 5l .ll CjjL^ IjLfi .<jjljj_iV® I (j j5l^a. ic.j_uj 

V - Vix <<iLojjj li l . m lj _ frLiAaJI (jlvlaij c*jl^ Ijl < J 8 ! a I Ljj .Li jL ln~i i l (JUo 

^ (jl \ 4 > j Ui Lo^JlLs < Lijliii.il JUo Lfl^ XI i <-a . 1 t I I ^_s (jx. I a *1. 1 n.1 ,,1 » i ti 

uliA ■ Lo-o (jj^JI ,-t„s.u |_JJ JjlS_i JtXxui (j^i— 1J .(j i u mill Lrt^ van ijjs jjixfti 

.>1 jJ^c Jl tiJVilj li^Lu, ^ SJJ pLjJI 


(Jl ,J_iXl jjll l A) jLo CjLl JUS CjJ Jl (j J <jLli f.VI (^S . ~il U n. M a II 6jJ I ~i II nil i 

6 jLcJI a -» i Jill (_5^Jll (J^J (jl (_>AJV» (jl^ (tilijLi j».Li1 .1 i~L ijli £jt ^jkLsi 

” .... * * * 

Jill strong Sj u Ai llj <6l6Ctrow63k <1 a .» .All 4 jM -j ^ 11^ <<jjjJJI ^JJI^ L*^ 

4^.jJ JjJ (J I jJJI ^-a (j^l <6J mi l (jufl 1 (6 (J^i 4 II (jJ UL in flLj (j 1 1 11 

0 1, •* 

(jLiLa Ci I i«-ilj c5j .(jjjjA.VI (jJjVll (j-o JiLxiJI SJ cJ </n i il <iiLi jLi Sjljx». 

4 a tie. bOSOnS <la_i_ul jLtn tVl^ (^j i \$.\ LLaTua (j \\ \ <Ti I 1 A^^ilal 




CiJAal t. ' a a i~j ia ia.\ Jjj.'C i - j j /^c Jl jia j >*i < \ *^iA -»■ ' jjJ . 4 l~X I'i 

e o 1 - - 

jjau^Li 1 0 ^_ij-ijl_iiJLcJI l.ft,^,.\~ij.,^i ^.Lc. 4 j m i A II jUI 

Ia^vIj r , . lo (j-ia- (_yJ[ <allj^Li Cil^J (j-a tick 4^j 

tjjLfcl ■■• *‘l^~ (J\ aJlH-lxiI tj\ > .b.« II jl a\VI jju j‘ 10 ^ <Ll> 12J1 JjjaJjjI 
Cil-fcl mi l .-' 1 <" j I J ■ M ' ■ ! I r il ^ 1 Ct. a-<L^ra I itl C. Lm AjV I i a-i n %^^-lu j-La-aJl 

Jlj,U ^\^5UI LoAa£. i^iIa^vI 4 ititLl-aJ 4 j»j^Lo ‘LoLsJI .-■!-». I .■■'! ^A 5j^zk.^oJI 

«* j* «s ^ ^ 

4^.jAa la > L * ^SLo-aJI ^-uj ^ jJl *Ia^ I ft <1 \ ^kl j,iij <^y* 

<a1£a J±J\ 4 Lh°>3 • aLs V-> CjLLj -Aj <4 ut i jJoJi CjIa^^JL <Lculofi j\c. jjjliu ml 

„ „ i 

Sj^aJI U*® * 1 A kfl 4ojA^ \ (^jJI joilll jlAfla <La^j 

ifljJo <XA_tAU 441^11^ ^ jUI 

!# ~ ** " ~ 

4 1A dUiJ Loj <dLV-» 4^3 10^ 4J^jJo J^lfJI O-fl^JI Ia_A j^$j-o AJLJJ 

jAAj Sjl^aJI oJaa-A <^4 j\ 1MI ^j-a (jju-L A^lj La|j Cu 1 

j*JL*JI I j_A ^ ^ 111 <4 ft a a 11 4qI»L>j.fl *\ II £j) fl II JjX. &A ij >n II 6^ fl H J 

o ^ 

i~l-> k~j a j_lC ^LIj-LII ^jLaL-A jAojLlu <lj-C.L_t-a_fi ^Vl 4 _jJ^^_j jljja ^ jJI 

(jj£-lu ^1 cJ-uaj LT^ Cjt ^-11 <4ojla <jj Jiuj .^jjLVLj Lo-aIa^.1 

AjVI (jJI jl U~\yi 1 ~| 1 1 f. <<Gjij^a. 4aa.jJ C.I ia-> 4 % \l j 

Sjj 1 0 30 - - ■ < a~ lilj^Li <£.Llu cr^l j'-^*~ t|> ^' l‘i i If. <JaI Lf^-J — L*-*^5 j 

AA .LulAj-ujI J j , I I ^ H * || I A A ^_a j > t A A 1 1 Jali -<?■ (_gl I^.|A -a i Jjl J-JA — 

5>-<£*-C (j-4 A-^-l J <(SJ-=A J- 4 jUiljVI tjLo (j-tJI aLj-*-j 

~ ** & 

& & ^^-13 

pJaoJLt Lialj I <nl ni-%1 t*l *i a \ 44i dlJj L>^ ‘ ^ 4 _ljL> 10 ^ 4oaloJI ^j-o 

* + * * 

(^1 4_j1 iJj^ (— \ y % g AAj (J^AA II 

< £ t i n I Laj .dlj^L Jj-lo (j-« 10 15 ^ 1 \\ I f^yu la-5 AAaH jJLfl 

La jI <Ia^ jajL 4-0 4_j| ^jlkj t 4 a V ^.t.iLx.1 4 _op^Lo CjIa^VJJ ^ajLaj LaJoJUfl 

LLilA^j 1 0 wJliAal i J-La 6 jJ_5 VI iS\ 4 >1 i i nt 

(JUJ1 J^a AaJ .Ia^. 4 1 1 i A <IaVJL[ 4-a^V-a O ah-lI 4 x 1 a a II IjjIaa. Lj- LaJla ><»** 

Sjj^oJI 6 A-Aj < ^ ^..ft-l5> 10 6 ) 4^jJ u-iVI 1 0 ^Jl 4ajlj_^, 4_^jJ 




^HiQQS bOSOnS jj >.A oLjj jjj i~i\ K Laj_^ 4 *« ■ « a CjLa_i ma. (J« I 4jil£ 

' j lj_Aj <4_lii!a l ,$ *i a <a.x >j Zj L$J W qsuq© bosons <jjl_L*_aJI cjljjjjjJLi 

.(j-ajJI ^ ft n LqjjB h. iii il->l i a S^ftJI ^j-a 4 ft i* II S^JI <LaIj_a <j-° 

(j-o l-A j-l-aj iLL^aiLo I_I »*tCi ^^ill CtljLa. 4 j^jJ ^1 IjJt Jjlj <jVI (jjill 

.jjVI ^Jl Ujji, 

jjJLi 4_JLt cJljLo SjljjaJti :5jLo 4 a <o jj 6 J-jJ-a-j n i 4_oj Jjlj 

^jjLj CulI <*Li_i£iVI (jl t til J ~»-j ^7 1 -J-fl-11 (j[ ^ (JjLa 

t tj» II I j_A p.3 j j 1 i~i~i j ii jjJjJI SjLoJI J1 *\ Ail Jj! ^jl jv l " I V 1 i.t i" jjj t^jUl 
CjLj^jS J j-jJI ^ nucleons CjLj ^ jjl jl CjLj^ .l!^ i-ll ^-A 4jjjlj-». 4 -s.jJ 

V J .5 J ij m it o^ill JjLflj IjL-n Jjil*N ^ a, \ *n 1 a \‘if a ^jJI s j tliljj_jJ^jjJl J 

g. > Jjl_A jjJLi SjljjaJI 4_^.jJ l-i ^ ~ LojJlC. VI JjJja-1 jl jal. iN~ IV I I J_^J nj 

Lf S 5jJj-uj 6Jj_>J Ifjl ^Sjj^ aj-A (J-A .^(jtaK «L^.jJ 1 0 13 ) *t^jj tliljjjJjjj 10 

ajLa. L^_»[ ■ t j-LL-aJI j a ■-> II jjj^s tiljV-j 1 0 i V l^jV <tiljV-j (jjjLJLa 

j$1jI (_jjjLjJlaJI IjLA I <a_)ljJaJI 5-a.jjJ 4 _i-g I^ jjl Li Mi i >1 ft-rt \in 1L l,w 

.Jj^UoVI ^-l^- Lx-ujLcut I i <nftU (j^Lc^U 

dLljjJ < ^ \ M >1 — UjV 1 jJI A % i -t^ll l.H, <*">! > . ft ft M l 

6jj& *4 % I A>.ll LiiLuk L^AjJai mL 

«* 

uiA t <il J_u .4.U t ii^JI dli^Li ^j-o J1 ajLLujI Jx’V i <L^.j-cJI 

i^oJiUI u 1 II cJ^h i II -jl ciUL» i^Ajaj Vi 

i LJ Ij ^ jiu La . Lu ^L) ^LSJJ <LLL2 j-tc L^_»l j ^i\ iL^la < >1 a-^kT 

« ^ _2 ^ 

.4 JA t t Ui II 4.l*u1 jJiVI oljJi. jJI ^ ^.duaj't" V ,^jJI tfj1jL2kVI 4 1 ml m ^jl 

tf 

(j^-i.lj^J ^j^-i.I.J^j 4 jji jl tl^JlJ ^j.ii ~i m~t Cjj) </-t II <X. j jii i 4-5JJaj-aJI 4 i«~il 

• 4jjj al ja _>lata L^J^ia <al juu ^Ua" <tiliV-> 4^J (10 26 ) 

1 ^ -uiAj neutrinos oIj-Ij^j j-^II jj^-' — J i4j!jjJI (j-a Sjj^Ij <jj!i ja_> 

* m * fr •*■ 

il JfcLija a 4,h.rt I II t ‘ 1 1~ Jj-S I^j-JJ iL^JLja 5j_o J I «~~ JjJj .SjLaJI 3j_a 




.A a II j'f. 4 w ) 4 x.j_luj 1 i » -i Jjl (jjJ (jj^JI JJX. (J_aA j * . m 

S 5 S* S' J* ^ 

<jl£ .Lo wi.^. LoL<lj <_sLfl_-uj I 4_5 ^IL^-o 

^jJI^ tLi-j^Sj I4J 4 lVs V ol A^-t^.^.11 tdJj < I L^_> (_^j^ '-Lj.iJ 

^ ^ j, ^ -S 

Lo * L l>j v> LJLk dUj j_ix ^jljjlj LijLfl <1 ^ spins 

& » ' ' 

.JLaj 1 * a J L* w > j?i «i t j'N 1 

> . ^ 

i 1 II p[ o .11 (jj^j (jl £-3 j JLj iLa <lj-A (_j-4 S_>-o Jjl 4 1 LojJlcj 
'( jj II 4 n in (j 1 1 * -■ U cl -v . ~il^ ~i -ij ~ ji 1 1 I I (2)1 jj .cjl_jjjjj_aJI pL n in (2 )_p ^_U_puI 
,J -i-ol jl-oJI «^ ni j)~ II < V jl ■— 1 . 1 .u-y 4*>I I a,VVc. dlljj 1 4-a.jJ 4 "~i l 

(2)-* J_>-il C>l_yj-ijAj-ijJI 4-j.4l-^. (2)1 (_j-4 4-SjjLaJI (2)U -(_yjjl S jlj^a. oLa.jJ (2)jSJJ 
j 4 iy~, I I J2 _) 4 (2 ) 1 " ~- j ' (2 >-p ' 4 i a U j K 1 (J_s| 1 fl ' V * 4 a l i 4-IJJ *\ .a. H 4 i a ' II 
<4 4 l~ •% a II .**«'■* -n. VI (2)1 j-A JjJ ol^A-i^J 1 1 II pLp-lu J ^-4 i_i i m II j I l-i o II 

(j_Aj <antiparticles Sjl iA « II L^_aI * 1 ... -^ olA jj_~ *s IV I ^jl i<->." lj t.\ ~yj 

‘Lzk.jj ^h_j <^^Ja " I' jljj oljj-i^LlI jjix. (2^o j 1_) ^positrons cjLjj_)j^j_)^jjJI 

.4_ijj^pJI pLo_lu 6^)1 

^Jl <L^)J C.1 jJ~1 4 •>>■ >1 <LjIJlJ (j-0 JpL3j JJUi 

6J-A ^j_S CjLj ^- iJl ^"1^. Q 1 *y t ^^ -U-C-g dLMj 10 ^ 6 J_Aj 

^y^JJ ±±$]\ ^ (\-XXk ^^wTih (jl <Lulailt 5 Jj^JI Cj\j 

(2)ljjAjjj) ^jjI^JIj (( 2)jjjj-^ ujjjjfj (2 ijallll 

(2)Li ILi Sjlj-^-ll CiLa-jJ jl J A j ml j_o 4AI oLLupaJI (2) >Jl~j . ^Lslj3 (2)1 4 ,I^|.~'.I./| 

(2)_o <_j_a I Li 77 j 1 I 0 I' (2 )_a 4 j ^ II i 23 4_il_)-3 g ~\ \ i .in I' j-psa-sJI lj_A 

(J-SAI J ~' C. (2)-o ^4 . _piU Jsa. I s(SdaJLo jaT. olAjAj_)j) O^-JJ^f^l 

iol-j^jAj_)j 4_*_ijij cjU j_o i^ULo ^beryllium >■ L ijjhj lithium 

I ^ iA» i <Lljj 2 s CjIA ^jj_)-JI pLLI (_j-Lt iC-Lpuj (jjJI CjLjj_>j J i *■ II J_ili j ‘(_j-ll jjJI 


6 jjl (J-otnj 4 j ft I A Sjl (j£ 4 0 1“| ^ ^ ol __)jj^)jj^jJI l-k Sjl^a. £yt (10) 

Sjlja. <a.jJ (jl (j(Pa. ijjiK <a.jj 1 .95 ^j-4 Cil jjjjjjjlll < _itL-v Sjl^a. (jl (^laj ti*j i(4/1 1)V2 

.(jaK 2.73 { jj^ jiiLj <jpiLk, 



5 - ■ 

^neutrino till JaL&al j jx. ^_lx 1 ^ \ 1 ^ II ■> -> 

<Laj <6 ^_fl LL>1 j Lo^j .4jljj1 ^j-o bide £-0 *1* S^ijJI AJlA^j 

1 \*kjj^j 1 J-A j^Jbl '■^>3 . Cj I S j i a" j-J ^1 

g 

^^j.L^-11 ^j- 0 S^jal jJI j->jL5 .a H <<JUJI 6wi-A ^-s - Ij-^. p! j <7iVI ^| cJli5£ 

.|j_^. 6^-Jt. i n II pLi-UJ^I 4-CuljJ ^j-O CU^^J ^tu ^-A — (J-2 Aj 

g g 

^-A Ij^. J. Jl.<^> 11^ j 11 4 >~LH iijJL-cJI JjlxLaJt ^\ y umVI tj_A 

.^JjkJI <lJ[ ^ t*~ij Loj <uiJI iiu*. i i 

.jj-uft-C JljJo fJ tlj-jJj )! I <-JjVl ^J-*J 

c_iVI Cjli-a Jl <JL^ ^lc .*ii jJLxJI ^jLi <^jVI 4 1 a - i *t , ,, a 11 jJL 

s Q s ■* & S & s •* 

<Loj^ljk hi 4 \*C ! ^Jl dlJj 6 J J a j J “‘ , Qj ' iU ^ 

^ $ if 

u-i uj^-" jlj lla .oljjjjSjyi Cy“ >=^? lt® c-y^ lt*-" C5>^' 6-° J-4^=» ij-aj 

g „ 

Ul j_» ^1 ^llaojjJI <Lo l 5^1 ‘ <Qi! I j^k. j )L^ <Ci!j j^. 

«•< ^ 

U \ HI Hj . In AAi^Jl I J_A ^J^Lo ^AX S^IbbO-lfl Clljl i^i-o (_£ s _^-UJ J t < »I J Vl - ft J 
^j^j^_flJl ^ . 4-fll fl j^i 6 >m )^ O xajJ^g <LxjJI 4xuuJL 4 -p j * & j^jii a j.uJI ^jLi 1 4 mQ > 

Jll> ^jl ^Jl ^j<i ut II ^j-o LiVJa-»l 4 \ xjj 1 0 »*i jux ij 4.j>u 4 _L^jj 

<4Jxj SjLxJ^ 4 *^1 .t^L&l ^ j_2k— i 4 l*i! "i II (j-° 4^-^. .1 fl.-rvl'i.ui ^j-lx. 

" a * * +* * 

4-i-fl 4 \ j (^*UI ‘iajLfl Ci-fljJI dlJj ic-*J • (j-fl ^ Vjl I ^1 m a 

~ ~ ** ^ 

ja xu t <Gli t^JLaJI P-t aA ^ H jAj-J LojV-aJI (J-O ^-AoILxu-aJI Ij-A - up , 1 1 

^^-cIjlLj ^jJ LAp^-co tjLi jii n <fi II CjLo . p^_j-«aJI 4_C. j jox a 4^j j)j ^ t 

55 ^ ^ 0 

I ^JLxJI 4_L>Lq-o ‘- tj .^^^1 4 \ ut V— q 1 0 

.LujS 1 fll jILcibl V 4 a Ul , ,. LojV-J ^a£. c. U t 1 I « fl, W/> (jl^ 


< 4 "v -^1 J ol jLo-iJI O^Lt^ <6^1 « ti \ j| jjiLuJI k_iVI Cilia J^Lij 

^ *1 *1 

jLi^a j <ULLi Q i ij— > 1 jis : ^ j ' 4 II > j_J_a ^_S iti.' ^ Ij-A /jli J 

ij£j < 4. \ fll ,to aLajjJl ^yC~i Lode aljjJ tlfCll j-i Vj . jL.diVl Ijji. (■ j-d I I 

I— S^d.V1^5 ClLljJ^Jyl (j-a j"fc II iLUws ^ j^-'j dl Ldll t, . t ..ill ( jdjJ 4 aim J O Jjjln.aJI (1 1} 

* + 2 * j ^ / , ~ jj -- 

■I alala Idi ^ ra jjSS (_5-jj.ll jl J* 6 jj£Ijj ^ jJl*JI jo 




Q * 

<U»aJ l () I < Jjls ojjii d3 j>J jvj^-ill jjV P^y-ii V <LiiiaJI 

£_LljJ ») i > U a II S Jr> ~> ft in II g-1 4— uaJI lj_A ' a ijl ~ ^-2 4 o ml 

^ ‘LmjjLSJI t U t & 3 -A ^_ 2 j '(^ 0 ^ 10 ) 4 _ 2 k._)j 1 0 ■ j ^ ^ 

Cjl_)j jJ-i-J Loj^LxJ! i a i*\ >,> j . ^ jjJL, ^La—iJVI ^ 1 f . ijjLa 1 j i -s.1 oLi I 
iSaaS-o c>~^ i.iol j*3 < ftilla (j-o O-Sj cuL£ (_yj-II .<JjIjCLo 

• <j^i_i a^LaJI jLla.1 a_j_uall ^iajj < «LjJ1jlL» g-J » mV I SjjXj S_jjL5 JjXj V 


<SjLaJJ ‘GjJ^jjC. (j-° (^3JI — PJ-naJI — ^ m i i-i l i * a^.^ jCl l ^L*_iiVI <jl 

<■ i.L~>.~».) V I3 -Aj <“Ua.jJ i_iVI 10 ‘Cjljja. 3| iSjl_>jaJI jy-A^La (jVI ,j-A 

3 

. ...II |j_A ^j_A LjJjja. La JSij r LV\ aj-A ^^-4 (Jim mil in 

if J ^ ^ ^ 

^-A ItXA ( 2 )^ t » jm (jJj^ 2 x 3 ^ s 1 <o ^jSk 

jjJI P^.iA.ll I J A (J_L«aj <jljj-oVLi a ~i a u l £_aj .jJJo-aJI _>J-C. (J-i-LlI (J-a*a1 

La^j Llj u_, - v ~ microwave background <jj_>£-JI ^Ij-oVI <jil3. 

5 s £ #* ^ ^ ^ 

(3^-1 ‘La— A ^3-a Ljjlj L> _>i 4. > 11 -J1 Lljl aai ." J l jLa_4 . lj_l|jj Jj » ■ ■ • 
COSmiC tLiilaJl ^\julu\ £ It )j .^U->aI1 jQ aaJI iajj 2.7 CtiaaA 

La Lil j * f - 4j| :<-i^)^,a11 ^l^j-oVI <iaJaia ^a <jjjj background radiation 

Lejjx, oLa-J-aU <_oX.L»JI 4_ui^_ua^JI Ci-a«ajuj 4j ^Jjl j i_ujLiLaj 1 \ \ i f . I 

.detectors I'.aj.t.Ka «. -v~ a~ 

ul *>®>La O - a uaJ L^-il .oljj ojill da.JJ ‘l^a-lj 

Sjj W i (2)ls LxS^JI (_j- a SjLaJI J <m*i 1 jxLVI 6AA l ‘ i.a 4 13^9 |J «* 

j j j > ~ , ijj ^yjJI ,,..ULa. _jJ j u-il lx 11 . i-iJt^ a jj_a ^ ^4 Lajij l~i 4 4 Sj^aij 

<^4j^ J. ,-,<) i \ 1 0 II JJ-A ^ 1 Ul » II jLa-ajVI 6 J it’ll t o I_i,4cl (^jJI J .-'1 i l ^_4 

(2)J> I uju’i i— 4 ii. i L. 4 J a jiSj ‘((j-iLa.jjAt^..ll (J-4l <«Lia jwj) tlfl II j 

jJ_j J \ a j jjl^-a ^A <^jL5j i^Lj &^a£. ^3JI II X II I tj-ta-llj 




■9 Jj p p 

1 1 J "*-«■ aJI 3- 0 (jl^ ‘Ljl An (j »'» "‘II (j- 4 - 1 ^-* u a .' * “' 4-jLs IjJ 

j»J <LajIjjI 3-° Lli i il i j .fJajj i Jl lj_A IjJ ± 2 j ~I~G i ill 

s> ss ^ 

3-« ^ a II £jlj-lJI jLiJI l _y£xXA .LaLaj l.inj ixi ^IjJI 3^-^ 3^-> 

^_s < o ^ 1 -oJI dark mattGr « 4 o~ i < n II SjLoJUj jj > ) ^ 11 cjIjAj < <jjl_3 

(jlS-o ^1 3 ^ Laj M-il^ , _ <~i‘\ i <(3 ^.^ CjlSj l ^ 4 jjlc. <3*^ ‘3_9^ 

jLiJI Ijj ^_S 3^-^ £_oj .<Lc.j3* 3 -0 1,1 4 1 “LoS 

9 ' ^ *> 

3 kilj n II aj_a £-°J .iujLsJI j ^ il L (. JiiUL <i££ jStf ^ JH 3LUJ! ^ 

j . 6 jLo. 3 ^ 1 ! to II dlij CjjLi^a <1 U» i.Vt.o jLi_ll Lo^Ut-ij <<LtA jA jaII ijj^^JI 

Cjljj t5J-j j».jl_n=>J (jJI Ciji <La.jJ (jJI L^Jljlj^a. Cl » Q-"i J <t_i_ujLi_aJI Ci-ijJI 

^LoJ-iVI fJ -1 £-oj .iSLls JJ a. "j L*_o 0 -a, ' ~I~I I d ") I » -s 5c ,'J iti 5j-5j 3 i > J J " 4 .' fl- ' i 

4 wi o i Jj iT. -t- ^y_S Si t II CuJj * -a I IL* |t t-.ll Idj <nuclear fusion ^jjJJI 

1-4-iV <lljl^jit£. 3 j^? 3*- cj'j o I I £ 33 * 3l Wf- 4 - i "‘ l 

, s~\ \ N j t «UjL^ ^ I o 4 t /\ t .7. -«v 4_ n \ Q . i**jl -v ^ a i 1 1 i 4 a t X 11 ^JoLiaJI 

P "v . 11 ltAj& .(5-8 J£,.Ti 1 I) < Lu^.aa 11 i.Va.u .11 cjLj-o ^ J| 1 ^ — i x l a jLaa 



»** J ' ^ ^ * * | J f ^ X _ Q 

^jJI <.a njl .CjI^3woJI ^dck.1 jJj-oj 4 Ufl’i (j-Q ^ .0-0 J^iaH 

JJX. 4 t\ -^k ^U_> 3 ^ ‘-'lj «H 4j_jjJa 4_ai 1 * U»~ \-q j_x£, [ ^ f. j^a Jjl ^_A 1 ^ 1 l*i ^ ^Lo Jj > 

9 9 9 fi " ^ " # 

4il^JI .-.l > loll ^4JI 4 a^-iAfl 11 LiLLjJI ~'L/ti U~ t VI JX, f Ja_uj ift 1 1 i ^_ya 6 a II 

o^ii ^ 





ililiSJI ^ ‘uj^ 1 J^Lu.1 1 oiiij ^1 oU^lil ^3 jj» 
.«_JUJI 1 fl~* ^ ^ ^ _ II Vj-^» J CjJJ-oj l fl \*S 1 <dLj^L> J^-lal <AoA.J J jLxj ^juLaJLoj 
S JjJI illlj <<j_uj (jlxLo) (jjjJj 1 5 4_La.jjaJI 6 j-A (jjS^JI ,jj »" ml SSj 

* if 

J~^ ' K (J-£-» V Lo ^Jl J <dL>Mi 4 ulixoj JjLa i A-J> \ a \ 6jJoaa1I 

.(6-8 JSJJI) <£ 10 61 



-SO' 33 IO" 13 i io 2 io' ? 

io 10 io 30 io 43 , io 61 




^ a. iA“ ll j .y-'f jili 6jlj_^JI ll sL^. J V-=>- .^il 1 . "v M l l yx^y}\ ^LlLoJI .6~8 J ^ < » II 

VI u*A-l »^_iLuJI ia^Jl jh-1 { jjJI <^>*^^>- 1-1 d_klaikJI ^ \ » x 1 11 l-.iA .«L4u|jjll Lc. ^ ‘^J ) A cJlj La 
j<rtC. .<AjA-fcoJI 6 ^U1 & J-jJ-t-xi.il S ^jflJI GUT j C. JjtAfl 

T^.j J I4J Jfl .■>« >> auaJI S^ljjaJI 4 -^.jJj .<U iii tin Li a <1 a .« -A 11 Jjlj^SJI jJ 1 > <6^ju^Vl S^iJI 

300 ^0 <_u^i d 1 1-v II 4\ 1 >11 <i,jj Lajir. j ^ ill J • <«« lU l.i i ■ ^ $. *£ , 1 1 JJLJI 

•Ijjj^ JjA u ^i-iLl \* JiaJI 


ill I j " hi* Cv *tl ‘s LaJ (j^J <(j * > JJ>A t-^-ll (j-“ 4_jj) *!> ^ <-o_ijJLll ^j) •jt.i.ll (j[ 


g^llla irf-iVl (jl .5 ,\j. \-^. J 10 I 'if L^-jl^ ‘(jjj^^jJI jrLojjVi 4jl.nC. i^-ll 

0 if 

u>^ u! -LtjA3 ^ 0 - 1 xa 1 I I J_t .j <|j_> dJ ^nucleosynthesis 

^ n in j <■> ■% ‘1 i^yC.*i.i (jt (J^ -4 tSLx^JI Ij^. S 1 a II J^.lj^JI j ‘^1 *>« l l 

^ lja*j j^uj V .primordial nucleosynthesis ^laJI t 5 j>dl ^Lik^aVI 
ji-iLuaJ <La^).V> <jj£Lo jjl ^i\ 'JjVI jvLS-aJI <J ^jj_i lj_4 j <4 1 1 /> < II a j.A 

ujjjjfj) f Jj >^ , -k jjJI <£Jjj liAj <cjljjjj_>Jlj cil^^lL! 4 _l3U1o 




_> 4"> (jljjljjj) fj-L l -^JIj ‘(u^JJrh* O-iiLo 

H i CjLj^J <_uLaJ j JLUAA ^_fl bj&J-JjUXi V J_lj .U< A J 4 I j Q » ^ 

4 aali II JJL!il (S3~* < t * mt\ '1 <j-o j <<l_L^.j-aJI 6J_A 4 *y\ yj Jj-lc, 

(^Hl ( ^ j) > ' II ^4 -L^.j-qJI ctlli SjIjJLj i j i^ic. ^4^1 j .cjLojLl^U 

. jj, \ i a Lujij ^4 tti * ii J^ j (j-° 4AJL> 23 <_>_u4j (JijQ-> £ JIj>-> La ^ 

tjlj < '•> j t-n II _jLa_aj'^l 4 _> ^_ya L^_i J ,i \ ~>, J1 «j |kj) 1 1 ^ 11 jj-o S j-a ^Jl &j_a j 

M ^ ^ 

■ 4 ^ U 1 11 6 Locj JJLJ ^jjUjlJI 

* fi * 

J-U ^ JA i II jJaim <jl ^-fl L-LJjjij j-uaLlxJI ^JATlb ,^-ic ^ A fl U k jJ 

{jj^lajJJ i— t 4, ill A A II £Jfi J aJI (JA1_J 11a .jlfljJI PJ-U2> (jl 

^_lc J_Jj All 1,^.1 a, aA {ja j <jk j^lil 4 jLaA^ <j\ j-A <JjS *-, l-%. j La 

iJjLSJ ^Lu J-U CuiS L$_j 1 t -T — *o : ‘jl) ^jj)^ > > Cxllj La j <^*il *i X II (jl 

Jjl A. S. Eddington (1944-1882) ^LLau Jij <^£14)1 <jl£ .(La^ 

iSJ-^ jkjLua-j <1 1 J J-^ ~ ' (j-j-JI <-SLloJI j-A -% \ 1 ) Jj-ij <jl £_>-A_sl ( 2 j_o 

s* 

.^.^aI^JI ^ L»-o l^a-Laailj 


c SJ-> f' 


jl — ua_i 


4 a A. .A II . _-,l j *C I I e>SJb KJ_A j (Sj^JL -»_!l <L*Jl_> ini 7 - 1 ^ 

iS^X^ Lajj')) 4 ^ 1 Al l lj) i c 1 a ... 1 1 _ ; 4 j 5 Ji X aJI ^ t S &JUJ- 4 j . jLc Jvo 4 \ ^*C -N II 

*" s* “ 

. a U ' I |\ a -^ * |VJ j-a ^y> j*a 1 11 a II jLjJ! u t!Lo <^lu^Luu -^-~ V Ifjl ■ J a i L o ja£. 

<1 g . a\ ac.1 *_ij a al ■ ^4 <jjjj o^LcLfij I $■_> a (SJ ~y "* «-3j4c jt-jjlj ^.j) -v ~i LI 

Jl i«-iVi ml I j) * ‘•‘ s 3.‘ i^LLJI !-■! iA>) dJ j jL^-jj 1 a~ j )„nj 1 4 4 If ^fl 6 j-4 j 

al .Aall I j fl,\i ^kj * ^ ~» II (j-° 4 a^.jLaJI CiLsaLJI 


& 0 * 

I j\ l-&£ j L * 1 I I ■ kei , j . jLiJI (2^-a 4 a 1 i < * a I 4 1 A. I .^.11 Si 1 -v II 4. i<n 4 IjAA 

'.' * * J 

' a 4 j~. 1 j_a1 I. ^ a <4jjjUJI j At "■ ‘ L*-a ^ aa a> ~ I Li pi J4A.I _i jji" jot 4_aj-iJI cilH Cul^ 

Oa»JI ^1 <L^ljl^x 4kA.jJj <LjjiLjS I ^ . ’ > n i* > ^y> <Ja>IjaJI ( _ r L. 

<|AAA_j ^ I a SjjLi / Jjl *iLi A <iLl<[j <L^.jJ I4 J 1 4 aj f . 4-l~i*S 1 

«= a 

J. >iaa (jn fi > -v ^IaJI ^Lj-udl jL I n If, Jeans mass J \ < ^ 4 l~*c ^ a mi 



4-JUJI (j^."£">-i j| I j ~.j oLj^^-laj i jS >- jj chjJ J63ns (1946-1877) 

jl *»*71 ^Loi >j°‘ ■■■« <4 ‘UIVsIl c>lj ‘lLLUjlJI ^ j >j II a ‘ill 

i &.ic. JLa. < jlfH (jl jj ’if <a>« II (jl jjj <Loj_^j (jj^i Vj <(_yjjl-^~ II 

^xuj 4 * a! ^ j i > -k <JjS (2x3^ i ^‘3 1 ' 6 11 J ^ ^ Cy* 

• fr ^ 

< L^lil^ jljjj <L^_mAj 4 « » » II jLgJu La . we . <j| jaj .LuiAjii s^ „Ag . 

/ « 

jJLias! ( j Ul ‘i a |jU (,.V>.-WJ A a. % ~I (jjj£j (j-o Vj-ij <L$_> 4 JLLx2aJI j ~i_i ^ 4_ll^ 

^ ^-JL + * * $ * s . „ 

I \j ‘“^ (jjilj 4_a uil L. . m~~ I jJ <LllsLu ljL$J l^Jil j ^jLxj (jl flj j-au.ll (jji 

0 ^ 

<iS5x J 4a f. ^yd <_ij^ 3 I IVs J^lll <<lLo!L^_aJI ^ J)^fc > 11 I J_A .Sj-ii-usaJl j •% > 11 ^ya 

£-aJj L^jl :4jj-a <4-1 jjj (Jjjlx.Lij J^LluV (j-ft^j jiiSj j ~i . <<i I V <l*t in a Ml 

Cl Mill <(JIIA mil (ja 6^0 (j.l,».i I,1~I ^avVi ^>j£l (_J-* (_yj1l 4 ln*i-> nil (X J ^ l li . 1 4. ill, A 

iP + 0 

(jj_ i £-ij (J*^ ^ J ■%. 1 II i.a -> Li l,'< Aj U -m~i~i jljj_aVLt j JLw Lfjl • a j a~ ... a 

.(jjC^JI (jjCA 

(j_a 4 1 I C.1 ^_a jjj ^ a II j|_i_ll _ l-a-^k.,.*> (jl) K i (jl 4_J jJ-S jLi_ll (jl 

j * j -. i Jr» 4^11,1 (jl 4_iJ <■*>.$. a i yusj jJh _ ^j)j I (j_i ^ 

*9+9 * * 0 

6 j-A L^LojLua3 ■ » t > Lfl-tA.* A jxjl 4rf^> I \ i CjIj j-ll i=>J)fl lit ud jl ni f> 

-JL • ^ 

6 jl ^ \ rt i-a-LC j dlj .6jl^-aJI <-3xjJ 

^ «» ^51 

(jj)*1* J La_a g_a,A~i~ I- 1_1 _i I_i *i t II (j-a c-^ A i ^xjl «-i~i~ (_^jjJI J » -% ~ I l,.t~». 4 j II C. 

(j I » ~' i ' a i a j .j SjI j .^-. 1 \c. I y^x i i I jii &ljj ^jl mil (^ jJI <j\ j ' I (] 'I 

o *L » 

Sj'j ~k 1 1 (j*\A aJI (jAi <<JlaJIj 20 a itl.ll (jA ^1 (_,-* (^1 

•1 ^ 

20 c-La j L^jjlj-a. iujj cil aj m i .idJj ^j-a (j-Ld ^yJI (j-la. 

fi 

<Jj^JLo <LS JI ^llL ol^j^jJI JjLaJa 5JU ic.j_LLtj cjj 1L 

Jo£. <L5 Uo ^ > > i*S V l^j Ji-a i A \ II r CjI i^k iti Cjlj (S^* LF^f- 

ip if 

(j-a-8 -l tiif. J_ii~i jii a (ja j-a .A (^-iLttj ijlj-S jj-a _>J^1 (_.,-* ^ * H y 1 1 1 j 

* * 2 

(jjjjL> 3 e-Laj (jA 4-1 8 a Ic^. yHjH (jl 4 all a* II aJJk (^S Sjl^aJI 4u.jjJ j*^ a a II 

g-ACiJ (jl ^ J-JulfH (j^M CU diiA ((((jj’sjl mil (jljju.1)) ujJaj Ijjhj <4^k.jJ 

l^k 11 6jl \ -y a La^jjJj ^luj ^ya <x>^5 




(2>jj (j-ij iaia II -JfLijJI j i.U, ' ~v H <-jl fl_lll 4 \ j < s r, j 

.4-flUa JjiUoLj ^jjAJ! ^LaJ^/l {ya <jt uUaJ V j ^->-a -s. 

$ * j j * m ^ Z,fi « 

Lj.\ iJ -a. Ltifl jJui (4l.na.JL) 4 ^ i i iti 4-ijj » a "* J1 J - L~j <<la.^oj| ajjS 

. X l^.~ i ^jJ! j . ■ I a II » 4 i-> » . -v * II 4 i <1 * ~\ n II 4~l a <U 6j j<-il *t C. i_4 ->1 j <^.,r>-‘iil 

i * * 

Lj yJb jj*. i_Laj~t-i JjljLa-VI a j-A cH 4 Sxo (jl .(7-8 JjC-uJI^ (jA* » 1$ xca \ 

f <Sj-o (j-*t a <tJI d > JL>. ^ *i H dl£ ^_Lc 

S5 ** 

jUcl ^ 3-^ c5>?^ ^ 0 f-j"^ 3>^ 

LsJI <_JLc. 4xj «u j i^j_fi i^JI Jj > ^-t uJlj .<Lj— uj ■<» *j ^JLdl 

11 Lol id-co <j-oj^UL» <jJ-» Jjlj LILj dlLxA Oj^£3 

t 5 -s A . l W 1 1 uJ ^ 4 ls 4 cS j >* <j j>^ - 4 ' J>=»- ‘fJi 200 ^ 

i>* >-*5lc . -M * 

— ^ j] 



^-fl/180 .. „ k _ j k&j aaIJ 4_i_LJjJI 4-L.L-iJ 1 .7-8 (J s Ui J1 

P/350 S>^ J!iLL 4 % 441 rt ,U JJL£ 0 u ft ^ <JLLl^ 

^/iioo 6 L, Lie (J ^\ UJUdl jjL ^jZU 

4jAjj .{Jj ^ ai ^3-0 UJ^- 6 *4^® 

jUait 'wil-uo'J |JI» J_jj ji-fl i (3-° JjJ) -0 

^TP~- ^ ^ ^pl[ 4 \ mi IL 4 j J. ^ ldJI jj «ti ft II 

uy ^ j '. t> <vf .(^UaJI ^ o^,VI 




ojy 


8 > ^^ 1 , Mil ^ L-^Lc ■ 1 1 ft. II Sjl^aJI 4 -a.^J ^jl 

(_5 yl 4 >U .^.~ ^ya I ^.'l5s /I~l <Sj.\iK <_5UL=> ijjljL,a~l j ZjulXC. 1 » i.’T.iV I CjLj^ 4 ^ J . I j-A J 

(^Ul ^LlLs-uaVI J-Lt Ij-Aj (jJI 

.St a 4 Jjjjj (_£ ill < 1 i-l ft 11 £y> iiUa Sjia^JI a j-A J .J; l‘< jiiII (j-i-iiLo 3j*~* '"' 

^ ^ * - * 
._)L^Ju_uiS jVJ jj-a J <i_i.l.fl.ll 4. l. 1.) JSU a. LI CjVt ■alra^l ^ya J-lis 4_aj J 

S s ' * 

LAjL ^ ll itj_juj ^ JU-H ^jt n i j (L^Jaji_tu ijja. i. ilfl II (j-a 4_tA jLSJI *I>VI 

>f-=>. jt4-AJ <Sia.lj <J-aLj ai. ^J-Sj ,4_ulU| ^ ^lajJL^ i_flj 70 <Lilji 




supenova JjUJI j»~ i,.Jl LUj .8-8 JiuJI 
I Ijt Cj^ .(Vela LLS^) II i^CJI 

4 j_uj i_aJ! 1 1 J-i-fi JjUJI jj»- 1 -ula 1 1 
5jLq.II L^-j j hiVn 4jjj_>laJI <_) I \a*% q.i j 
^ (J-2h.lj ^Cl! j-uaLlxJI _ 

j j 

iLjAi. !>« “UiaLu, iLjj 

oL 5^V1 ci-9 ^ ^-s f4-jLijJI ^ 

jt <Argo Navis i-*S j-£ (j-. j ; » "■ 
* 

Ij -w. .Jason < > i.4 ..til 

olj.*I joi-Q-U «t Q 1*1 “N- -A II _LaLo_jVI > > j > t q! II 


(J-O ^^yuj\ ^J-AXq £->J^luJI jLl^_iVl tJ-Aj . ^ ^ ^ > Q -> i *£ > .jJ (J^J^I ^ ^ ^ 

J-A jk ^ jjj jLfi ^ J jJ ‘ ^yC du^ jL=JI J LI \ A II & j jA Jj\ -V " j| 

J II , l! fl II Jlc £^LLjjI ^J-C. < LjLL*_4 4 \ ^ jlk II <JLiaLl-o x\ t^^Lc, 

^.\ lq <L^. j_*> jrjUJI djj jl ^ La II ^J.^ljJI ^LflJI jJ 

<-oJ-uaJI 6 j-A jA.jii’ij .4 -JLoHj (_^vUI 11 <j-a (^j-^-jLkJI yV 11 j^C- cl jk-JjJj-* ^ j-o 

J-»J-o ' t ~ 1 ' 1 -n. 1 jJ-ijJa ^j£- <jjLL> ..V 4 ft~J <^_iiaj| (j-o ^-a.jLaJI j. mftll 
J^Li. <_a, \ <«-i II jjp <<iti£JI JLc. j-tc. i_iUII Ijij .La jlj.^.7i ,_yjJI <.JLift~i.1l 

if ✓ 

J, 1a ft II a. * II ^yC <L_i.2k.jLkJ I ^Jl J-uakJ Cl I tli ^yC <LljLLjJ_a 20 

jJ-jL& jl i^C.l Jii-o L^oUl <Li-o^-iJI SjLoJI SJl>J <<_^J flJI jjj-S jv 'N 

fi * * * 

brilliance U ■>!.> i II ^ ^ 1 > ^ L . .. H ^j| J < j * cJ -0 

ss> ^ 

Lijli Ijjl!Llu^ La jLil^L <Gj a ^jI-> m Icaj tjn/> iti jj \ I o jU <<< JjIaj 

.g-l-tA^II ^Jl <f iaa-jJ 1 SjLJI ^jILuj jSjlfcj } ^8-8 ijfc ijiII^ II ia-ajJl ^ya 
■Ip J < i A -ft II < _ * L II cIjJLJ ^ ^ 1 II jLi-AjLi 6 1 i A ^ ♦ +> QnJ UJ-O jl 


• J_^.V I JsaJI ‘LSjLsJI Cjl^LuaJI Jililu) ( 12 ) 




II (j-H-c. ij .> .< «■> m % <neutron star ^ j J ^ ^ l <• 

j -> i 3-° ^ ^ -y ‘i II <UjIj-JI 4 IK 11 IjJ ‘ oljjLjJjjj Ch® 3 ‘ o 1 1 1 j 

jj-ijLa. *_ut < ii.i a. iuTi 4 <5 U \ n j <black hole j^xui ■ ■ °*- t <t ■■■ a x 25 
- ' ^ * ’ 

< jj*i*s i iiUj (j-o ,j| jjr. .1 g \ « ci^LaVI gj >A II ^ tl-i *> m i V <(JjLa 

^A iLijJcJI £x 14 j j . ^.! \ 1 11 /j <L»l i^i 1 till ^A j ) 

6 JlA > «k~i~> jj j .Zj-y-n II jxfc » >~' ' ) jAj) ilfl.11 j ^yjljjJI |jj l fl II II 

^Jl Jj-aJLi I fl iA» 1 JjLs «ii!j £-0 j .jA^jk.~Jl (j-° Xx^-x. Jxa. 4 oj 11 j-i /->1 ixlt 

i4->j,^ii j^i Jxa^Lx (^‘yj .1 ^ i' aJIj j^all j -t^-Jl (jjjSLJ ^aa\,i jLojJI j i jLoj 

LaSi n Si 1 iA n |\ -y-'i J^a. i__dl ^jill Cxij$H Ijlj jjJI t Jxo^LaJI aj_A j 

SLjoJI <&LxaJI oLi j.*s «. 1 4 ~> *< r JjVI ■" L^-jLfl i^na it< II <j^_}VI oj j^~ 

iJVVI CjIj ctiC. J jax J Lj-ijJLj wi^J-aJI (3-° J <tJ-S}M (j-lfi -Lx I J (_J-S 5 J^xj-aJI 

^ ~ 

oLZj I a ■ |>- JgiA.ll ^v!l . el ,^.~*\| ^lc. SjjLi >^j^l _j^JI sJla j <L$-i-o 

• SjLsUluJI j (j^ll^J |A U II gjaxi I A nt li (jxS '} g^Jx<3 


* o - - o 

Lrkl.-L l LxxjjLxJ jXxJo-* II jl a a~'Vl j i m j_L» iU .(j^iJI 4jl>i-^ \ 4JxaJ , L» tl 

iA / v i^Sj il <JU LuoS 4ifll jLo <ujl 5 i.\M <«1 A II Cjl^ A ilxJI <j|j it l fl 

- ^ iA dua IjA ^jl Loj) ci C jj. i/~a t.*L>u <Laj ^ ^La^a-o ^3^-a 

/)_o < Loj 

t* 

dj-aJlj J J-il>ll (J-S «di^-JI J— J J-SJ iVjl 

dl .CaA^II jjjJiJ (j£. LoJll.ia.1 JaIxLlu jjJI 4.> aaoJLi 1 /> ft l trv. l 

" t - « 4 

I a jLfl i Ct'iK lj[ 4j| jJk 4_>_)i-i i II <* lj a~ La 

IJjVI jaliaJI ^yJi Jj '■< j^~ I- lag \j£J IjjxuAj iijialll dloj Vj •(3^*^ CiA j jjA 


4-iiol IjxSi Jai 1x4 .1^ j jLoj j-A j A - > l ll» ,j| J^iil (13) 

.N. Calder jjJ!£ U K t ~i <J^aaJI &jaj ^ c>^lj 




e-lj-a^V .Xs-jj y ^X-^1L» j^a.j ^^ic. f t ^~ l ~ > *><a u[ ‘Lijlj 

£j .~ U a *1 t _s J^J> Ijjfc jj .ft] j <1^111 LajJ pyi I<~I~I 0-2 J <G-a < 3 l~i -k a 

\ . U-J <jLu ^ ^a_o 1 r. p j ■ <t t a ^ ^ a \ . . , - ! - 1 5 1 J c 1— a_^_j_a AJLu 

o3j PJ i<-JI (_£jJ <jl5i iSJ . Jo < n^Jl (j-S (j-° (jj-blilLa 

^'Ut'i II tiJJj Ckfij Pj .All V (jil < <-t-» Vi LajJI^ J i/ij1 

■ u-n c ' ' ■' 1 1 1 30 UbjjJi Lai m -o-i ^c. L aJ blj-^d (jl "i 1 i<~> i t n I a j < y 

l^jLi pi a mil ^ j.ilalll ^‘s a, a II <ju> ^jl 111 <Ljjj (jQj ujLuxaJI lli_)ja.1 IjLa 
<LuLa. jj ^jl. la n . i_a^?ult l (j i n ,J$ <Sj ta u"i jail i—fi-H Luo ( jJI ^a min 

. C J .A I I if j , / .1 Lfr 1 LI I a i a ,-.ljl ,t.VI JjL:J O-S jJI (j-a ^ a*V J La I,Aj| . s-^ki fkjj 

fi % ? 

2.7) Lu_>ij S_)I^PkJl (Jjj-fil LfJj loa. 4 a.h~i *1 a pl. a- ui. l l ijjjlc. fl j La ,1a 

<^V .horizon problem jiVl 4 K .:. a » ...~i ai* j Sli 1~^A j Ui ^ (La. _>j 

(jlollaj <La LL^>kj iJLualVl IjjU CxJ^ (jl <j4 £rLla_j ^^jjO ^y> 

*> jj 

j^j^aJl <J^ LaJ yii ‘ >‘ ~ 'b'- n ll L^Jis! JjjJ <,_jlLa-aJI C>° ^ a - a j 

6jl^rk-ll (JalSj jL-JI J-iuLaJI (j-o ^ nn U^l V 1 n 1^ o LaLaj <LJoajuO LlIL^. 

) L*-o ^ ia L s-*~\ <oL5j^fl (j-o O-S^ jj Lo 

jLi J^AJli ^ II x II J^-uj_» ^JjLL» \s^. jLuj p^-iL <Lgj < LUli 

< lLk_s^J SjLJI ^j-o Lxj^aj <1clUI ^<gi <j| Lo-aIj^.1 *' ^ya 

^ ,H x H ^-s SjLoJI iiliS J^j&JLj Sjlx. jLul-oJI )j_a j } -ajVI j— ^^3 -j 

| \ ^ 4 ^ \ —l . ^ 4 t j lA t i il t . . i | 4 /\ a .critical density* 1 5) La.^aJI LaliUl Lj>ii ^ 
^_uj jj ^_>o jl 4_C J^JI iiLl^Jlj 5 ^j-xj (Jj-dl ^jL» jLalcMJ 

jl ii - (JLxJI (j-o < i <n 1 5 jjlj ^ Ij_a ^ij 

^ *= j/ 

c-SVI 6^ mf. JO^ J-oLslj ilS > 


(_pfi Lf-JI (jl p^aII AJ ( j-l£. ^-Aj <-LjuSlj (jlr® ^ ) CjLa 11 *j (14) 

.jlj-al 3 <iLtii-a o «LljIj 10 |JUJ I^al ^LaJl ^j-aJtJI 

(JUJli <1 Lojic.j ,<a.j^JI 4 a LVvJ i ^_A = 1 ^.l i "k < (jl i-o jl <1 Vjj iiLo^JI (15) 

^Jl Ur> L L U aJdA J (JjJL -0 (jl ^1 < J o .-i.AA J Ll-a jj )^ 1 1 fl ~ 1 jj^^j (j-i. J)~> fl A JQ fl tl LoJ_ix.J < Jj I » a 

. 4 J (j t\l II (j^ 4 ...1 iftn q1 j a ■ II 



^LjLa (IxJ ^ 1 441 Jjj-fi-II jxJLxJI ^uiX J& LajA £. Jn.fl.fl (1 0 16 ^_fl 1 ) 

Lq K <-olj_4^ LT^ CxJ^ u-i-liall x\ 11^ .<Ll 10 ^)_xj J-alx Jj'x.ft V <^jVI 

6 -° <jtfl lt® <^L^- 1 I Cx3^ lt^J -*bj-N cr*i O-^b 

^ ^ /* y* Q * 

Jl^.Ij (j-o t aJla.1 jj-iJI ^yv> j_>J dlj^-i 4 »~l a >« I Sjy^Jj <^j Jl > fi .4 -v j -y I I 

yUC iaJ-uaJLi <LayjjaJI 1 uij i ‘LilVsIl 4j| S^Li jd-Sj^l did ! 1 0*^ 

1_1 1 ti .a II lj_4 ^.a.ya-1 .Ca£^JI liLJj jj-a ‘LojlaJI &j-4 £5 ill .(j^ySUI SjV^J 

j^tVI il< ta-aJ I ^ ^ j .flatness problem Jal ..■ > '»VI ^.bL^-a £jj_a_ll 

< K <t. a II cJlj Loj .time-tuning problemm ilaijJI iiJI^JI < l<LLia sU ,,, all 

19 1? 

*LiiJaLc. <£.yj f-faJ-l of ill ia-ljl (_pll (j-*J ‘(jf^j-lj-o-^j^-ll ^ *_>ji.VI 

La Lai <L^o ;a - .-Q l^ iilj^JI I * ■-*~ II La P-^-al ^J-IA~I.| <GI ^ja _)iLi 

La 1 1 (Lll) I JJ-^J LjA ^- 4 (jl ' S - J of J-i ( jjjj , | < s alia-auj <L-aj Jjlj <<LjI- 1 _iJI ^pS 

^ ^ ^ ^ ^ 

.^<U < u!^ VI CjLfi-ual^j-oJJ Lo^oC 6 Jjux^k.^ 4 4ol ^ 

^Jx LjJ>1 - lax * 1 .ft J XC. V «b t > . /. 1 Li-m A J ^jl 1 Ifl-* 4-lojU^-ftJI < K j. u a!I 

*9 9 

^jua <Lxj-aJI iiLl^JI <_x_fl OjLi^ (^dJI la a.aA 1 L> II cdJj ^-fl Si ia II Ja-fl 

^ fi g 

L$J Jb <Lo jj ^ oLV< 1 1 <QI I s*-±l ii> .a. II .‘L^.^^JI 1 ^ -i ft j $ 

A »n?a II 4 ^^ <— t Uu A 9 <c*lL\^ JLaJI l^b ^ lr> wA IL> I ^ ^ o i ^ 

SjLqJI jaJ LIjI dJj ^J-C <jLi iili^JI £jja I J-fll 

^ n> 

i"tl ^ ^ \\ <L» (^Ul Jjjl-oJI <4.^-m\I 1 <llij J-i-ta < L^j 

i> ^ 

1 (j \ AJL& ^yQ <LJL 20 Jli\ ^Jx. JjLaui b-jl-J I j_Aj i\- Q. - Ui.il 

b__>| ^.A In «uijI L°^9 .dark matter Laia-aJI SjLJI *1a j^JI 

stf * 

n~t t a II 6 jLaJI 4 » i i^~i yt fij-A CuL^ Ijlj . jJLxa j nj.'t 

* "* - s# 

ji ^ \ Jil ^j^ii ^ II s _^ ^xx> Ale. J_> ^Lfl 

t. * 0 9 9 

<LlIxJI 6 Ji J^-O Llj|j LxjI ^ iL 11 A XA JjLxj < Lojx^x 


1 o 0^^ C5^- J ^ i—i <p-xdl ^_s ” — 0 jjLfl L< 

fi f ^ “ ** #> 

<La^J = 1 Jjli ‘ < fl.-^ UJI ^jLajV^ ^ -^.O ^ 1 1 LjjI uLa 


ji aj 9 iiiiUJ iji (16) 
. * 

- I JtoJ <1 

‘a** L^. 




^.IjVI S j-UA.I l 1 1 ILf . < ^> “ 'I |kl H i ^ Vl 4 ‘iJ-SVl *? JjSM 

t 

Jyd A ...VI lj_A MACHO ^y_A 1 (j \ a ^ u iL a 4 1 *N > 1— * 

lll^JI ij\ .massive astrophysical compact halo object L> « ,..~J 1 ^ ^jVI 

3 * * * i. * i 

J) A I . 1 . I I . . .i q" II 1 Jjt A I -V rt II ^J_C J . £ ^ I *^l. t ‘ J I Q d i^-*l j" A II d »-x . X II 

Weakly “LLo^aJI Jj-o i—ijij^JI Jjdi <j j)*S a <1 id-md II ijjbjj WIMP 
.[J I tllJ l /*_. . ,a 1 1 i ^ .a I I jL j ... ? l l ^ .interacting massive particle 
Jj_y^j J-S ^ ~ II SjLaJI *— a ' a » . A 1 f. l a~ i pi a\ <11 4 ^_A 6 -kVI CiLft-i-m H J 
(j-Sj .JoJLa i . 9_» ■> A I I l4.Lc.Laj jl ^jjjLaJllI I j m Jj-^yJo iy~ ' i (^ £ - (jfjjLS 
<J Jj_ySLi (jl .^yjjjjjjjJI j-A Ijjfc (jl Jjiij .CjLSjVI Jj-a CcSj 

<T ‘j a. J J a. ~j~ Cil j *> 'j~ ^y » *. II JjV . Jl n~i ~WI d-JJt. 1 JjVI JJLj JjJiJI Ij-A <4 1 "^ 

“Caj .Ij .As jd^i (jn t il aa.1 AjdV^ f- jj j t i 'i .Cjlj^a-aJI J)-a-ai IddjJLi 

^ if 

4 ft M i Ct La t iit% LAj—l^LIx. ^ rt ml <_C. j ^ -y^ a Jl^Ij ^_A <L»Ij_C j ** ^ J-Jd-J 

4 1^ Ui l a ~ < <Lu ^3 jJLLaj (Ja j j Q. ^_i_c 0JI3L0 ^^-Aj .sparticles 

fLJjJI ^Li .JjiJI j \ LS Uj .(6 J-^o-aJI) 9 1 04 ... ? J super-symmetric 

jjLoJ >> J ul II Jl^ *<VI ^ L-I J n Jjlj jk.411 Jj 'ft* a ■■ 


J ^J-C. V J j.\ li 4j| jk lhi» II jLa_ajVI (_gj~l » ~ (_yjJI O-lljJI <1 K 111 n II 

e-ct-arvall 1 SjJlj I » .jkLVI ij-A ^a LjJ j ->■ ((? ' III it-il ja a oil.' 1 -k jn (_g ^ 

magnetic ^ . .. .LI ^ II . .Uall ,.l I -k .^j^yiaJlj ^Jl 4 it. II Jj.uL-.all lj ^ mjJotlaLa II 
111 .til 1 » fill JjljLaJlj ( ^j_2i.V I 1 .Uall jjjjj ^.LkaV I Jja dcklj monopole 
ud aj IjLsla .Sj^Jj 5^y5j Jj -v j <j \ m thl'i* n llj alj^j^SLlI c*jl^ IjLs . <jjLjj4^ 

s* 

■ .Uall 1~. J J.j.o I J_ii 5 j 1 -> j d^.^yj V j (£-|_yjl 4 1 in i til a II i_ii-i i II .-■!.. j 

A . ” 

iJj.L-JI _jj_yj jJt IjJk <ji > L-i » LI jl ik .8 ~i*^l j^-aj ^j-Sj ? 4 _uLij (j *S 11 ^.-il '. ^ .^. 11^ 

yLi <ol \ i A a 1 tpLij ( j>Jj _ JjjdjJI Jjj <ai t n i 'ij (j jJI ^dljdJI . aj'.a II 

!j-& LLajJL < 4 _u_ujJI jJDI i^u.-b .jjL^ajJI ^Jl i i _ y jJI _ 4* . j.i 4.a < ?iLinn 

** * 

£j\.U ^kj jXxt jy~ <Lcu <^jU» 11 jU-^V! LLfijj .4j .,. i U1 \ 4 r. CjI.\ 

ia^ L fJ - c 6jb^l^ SjUI 




j i. l< 1I ^uLUl olj 4 aTiaJI ^ i m 4 1*\ iti c\ 4 mi a! '-k II 4 1^ m nil 

(j Ul \jct J^-a. 6>A mm n Cjlj-a-dJI 4_x-fl (^xll <5~8 J*\ A II 4 l*j aaJI 1 1 
4 k \ til 6 j-A jjl dlLlA Llilj .4.AAJ) > A H it 4 a II qIjaj j J_£_> 1 J q a <_jjLk. 

'J& 4-LULo ^ LojAr. ^IjJI (JLlU 6^JI O^IU i!L 

S? ^1 0 Ip ^1 

4.1i5^Lo 4Jnft\ll Cul^ IjlcJ - 4 Ua\ j c^x ±s\W 4_laLaI-o V 4 < ft t ^Lilfl 

* 

La (<^.\ juu\ \ a II cxft i^JI i J"<~l l Ijjb IfJ laLJ j S jxlft-A 11 

~ g ** 1 ^ 

idLu Vj .jt lh» II jl ^ a'lVI Jjdi. J 7 jL=>. UlI!£ £j2 4 K Ml n II ijjfc SjX^jJI 

!<xa ^ J -^1 i^c- LVi v 1 Ijl LloJlc jA^ftj LljLi pLcjVI 

< Jal iiUjVI 4 K itiA 4 K iti A < JJ ft t 11 il - ^o-a_aJI mi-a II 6 j_A 

$ ss 

6jJ-U^ - & J 1 t\ ^Jiijjl ft a ol j ^ j <6Jj) ft ft A II i_iU ft II CjIjlajvj <KJu 

0 

/- 4 o > q II .^£^^.1 oLaLljoj ^_ft I 4 -v -v I \ I) j| ~k flWl 4 >jL >o <iiL)j £_o^ 

JlLo £-aij_jjJLi |j_i <j|j iljia. $_>La. 4 -L^,__>ji_i J-& (j^fUl (jl i .v.l .»-8 djjj >— ijl ^ J Jl (jl-S 
olU-k I II (_j-s (jj^-i (jl '-i , ^-i i_>lj^Jlj .(jj^J! cL)j 

(j[ .li=k. 4 n „ij a LdjjLj (_ r j-ll dilTi Ci-S-A >>i illj^l J tj\ 1 k » H ji. -^ - fl i MJ (_yJj^l 

.inflation ^LiiiVI^ * ^ Il (j* 1 ill <t 1 «-i4^>ll iijJaill 

0 -la^.V . lui-^ ^Jj_tu ^_A * II .LjLc La_ujjp 1 1 

(_yjL*_0J illj^.)) <_aJ^ (J n»~i ml «lj^» «LaJ^ J n»~i ml V ( _ f jjl (jVI (_jj^. 

V ■ PJ i<~i II <X.j_ui (jjj (_j-^- c 'l J '"J IjJ-aj ( _ f ^ c ’l Lj-Aj Ch " 0 J-®! J-^ 

jinn '<-i.l ^Ls :pj) i<-i II icj_uj (j* (j-^l t p-(_^— ( j^ (jJiTi 

xa .1 =•-! ■--» a (jjjl i t-a <j V ^suporluminal ^ < A II ( 3 j-® ^ ju^lII ^ i-a 

ol A^->^)ti.i njl /g .1 ,Aa II ciJ j ^ iC- ol^jl— ii»l ^LAajI ^ Ia .i i V j i _j xii i^jJI 

i^Lo Sj^al '(j lfl ^jLaj <Iaj^ 4 ia~> i<~>~i II 

.(JjLfiJI IJjli .<L<ut pj-i ii»_i ‘Ltjlii 1 0 Jl^° (J'»~i '~i i — «uJ| J j) x \ jj.i - e-^j-^u <OaJ 

j-Aj ‘ ‘ « x .A II ( j^ > J&_> .JUJ ■> ^ j,tli <cL]j Jjui <_ijli 1 0 . ^a.5 I jJ 

c „ « - 35 S s 

(jl !jl\ <jjlj 1 0 (J^ <Lilc. (jl^ Lo I kx i^a (j-0 Jj^l p ^ ~> l (J-^lj-* 


.2.718... AjJA (J^oIjlj II AjUj «>— < All £ya JJ^I)) SjLlxj (1^) 




«• ^ ^ • t, -32 * 

■ ■ <lo a-a-aJl Q-fl'j J : ■ -»■ jl <Luj^j <-ull 1 0 -iA-i ^ *k nVi 1 ) o Qj~ < 

j s £ * 

^o-rv ->. II (jl jjAj“ a *> 1 . j '<1 J;j_iti I ^ J l~i Cilj Cil ,ll-i i^-» n 1 lj_* < » *' » « 1 « i i a 

7.2 jjJI I j.l lOJJ >.. ft» I A II !^ya jlSLl (jl ..Ai.lj J 1 *>_li 'mi jJt ^jljjaVI 

* jl * a^I LljLSj ' - "■ 7.4 ^Jl i V l-^Li jj i ‘i *1 j) i jjt iA » a. *v H j & j . <i i"i a iii 

<|^!Lo 220 jjJI (J^fxj <t_sL*_uo 1 1 0 LjjjJ (j_j^-> Lojjx.^ 1 j~i n A *i iii 20 ^Jl I *» I ■ jj 

•S S# #* 

50 JLa. (_j-ij 4j~ I . < 4852 ^J-c. J »-~i > I < « <A 20 ^■U/^ \ 1 A. \ "> f j) 

4_Ljli 5 xxlO 34 1 iLoj jJa Cx^- j <$1) 4 \ . < > i 54-80 ^Jl 

a-jj-ojj .S j ^- 0.11 pl^IL=J oalicl aAaj 1 i ^Lx5 .^dLlj ^SJLa 

SjjJa. ^ijcLAo <1 aj lloLS Jjljj) .locsl group j >l^> o II <c.j) o-^ oil ^i\ j ^r\> I ^ lo 
^ <A" II ^jLoj 1 jaJU (_p®3 ‘10 3 6j-i-S J-oL*-j Ai ^ I i/*>VI ^ 1 1 1 ~» II (j^^_i 
JjjJjJj <jui‘i Li jj iA« 1 0 JoLu (jJ^J <jL^ uiilj (j-o jjSS J J o" I I (jj£-> 

.Juil5 10' 32 JjLL iii <lL Jib <Jlb II* .IQ 1000 ' 000 ' 000 ’ 000 <s\ <;> 


0 * s # 

Ij i^La LVua^j i.\ iS\ $ ^yX. ( Cj J I LjI . 4_la_a.^l-a_ll 6 j_A ^jX. ^Lj-Lfi JUul i 1 ni 

4 aj ^j| cJjJ^-LLLi tcJJj £^3 ^llJI Lfl jIjIj aI . vj-^^ JLoaxujIj a. -v 11 

jv J « » < 6 JL* jiajJI <1 () J jj-o J .j i ml ml Cilj^j (Jl n « ?i i nl ^-* <_)-i 5 LajJJ J ■ A ai 

(J jL^ ~>-ijiV I 6 j-o (jLa < <Lkjlj 10 35 (j_ojJLi (3 1 » ~l l I n ifl <*^^1 . 4~i < I 8 -% ^ ^ 

<Ll-o ‘LjjjAi cJjjL ol^j (j-o (jjjJ-o < 1-0 JjUl L 4 IV ‘£-SljJI I J^I. <L i _jJL 

<11 (_j-l"£ <-*-S tVj) 1 8 o CxS_$JI J » <-LX->-fl <1 U ‘CjI j ■■■ ojlj (j-S <Ll 1 Lj (jj ■ I a 

f. ^ y * 

_ <ij (jj i l^i <l_o (jj-* ~ 1 11 1 SiaJI <-i£.l iAj ,j^ (jj. ^ CjI^-i hi Cj jLi 

.^Lj^JI jjl j V j-ol lj-*j - (col^l-co (iijllii 

i ^ ^ ^ i ^ ^ 

J*VI 4.K.A..0 ^jl ^jLaXjVI Q^^.iuiO j o- ^ -j Al ll (Jja_i 1 S JA 

& 0 S j 

1 . 1 a. Sj. ±j£ CjliLtu-o jAit iAU J« n <.LaLVi.lt ^,..i,.A.a. ^jV 

O iK <P^dU*ill LaI . ^Jj) (J^L A t V ut L"U <jvLlVI 6 *ijA 

iP ^ ^ ^ 

(JjjJa Cj-Sj I (j j, ' I (jt^J <(jAjj (j_o I (j 1 A « > <jlj_JI (jj Ijj. <Luj-5 <4 1 < Jl 
'' Z ”, " 

(^i^JI ^JLaJI LLoJLc. (jl^ S jl . 1 « i j .^jjLVLj Ulj-a-j Jl i^’iL <i in J 

^ jj ^ ^ 

a K I I Ci-A jJI CjI jl—iiiV I 1 ^ A A bi a-*i 4_a.jJ ^Jl S^JL>^ 4 A La \ xt ^-A 1 a o 




■In mil jv-.n. II JjV <J j ' a. " Ul ... i Wl 4 .1*% jXi ^ j 1 ...’'I ^ I A j . <- Jl ~jN I 
K t^ii JA_) ^xij-al jLLlIaJ , \ A ■v ~ .n Jl ^ In i n II ^ \ i/-» ) I n l*i n LoLaj i^jlLLiVl (_yiJ.ft.~JI 

S# ^ 

J_y-S S J ja»j,o I_jr».ftjl oL>jb>.S exiles jJ ^ ~ a. <GV <JjJ-a_o 4 > i In ft II LjjLaj <J . . i n j 

(j-o (_yoJj II ft It (j-o I i '4 in S n Ja ft ft I ' -.1 j (j i I ' (j I n da.j -1 Lo (jli! <4->ljjJI 

Jjlj (jjSCTu Jji Ljjti SjLo J j_a.j {_! i-vu IJ .(jVI > a jiJ Lfil -v l fl A H 

4-ln.fl.' _yk.I ./> n» uni II . ■ U a II ~J . J n.1 J 1 n- ^_S t-t n. uni H 

Lo j <(jiij Lo jjSH jj£DI (jl^J (I ift ) ft n. a n. uni II jL£ jJ 4j1 1_A 

oo l 

JV jyi .dJj Ji (j-a Jog lin , 1-n. oja. ( 5J- J - U (joojJ - *I„H (jl I ‘n "i jj Loj _ aljj 

i* 0 f f. s ^ ' 

■ Jail iiloJI <io J_>j-o dlllA j ilxrvil ^ ■% «n1 


■» * * V S 2 

<Jl 1 1 1 a LAjI l~i I Sa A. ,A~» II 1 j_i ■ a_i^ ** ^ JJ Ja-oJl LfLi.n a II oJlj Lo 

* -■ II 0 A . V S (j-0 Jjl (jl^ S' 4_>jl_J 10 J » > A. A .A. I! 1 ft ftjj IjLoJ '*■! > ' n- 

dJjj W. de Sitter (1934-1872) ^LJj £aUj*J1 

(j| LiA 1 n. i (jl A-i jLs <4 ftl in o jt n. 1 1 (jL^ Ijl 4_i1 Lljjl Xft J .1917 ^Lc 
((P-^L^)) bjSjJLi l jaS Sj-lHua <JLoiXA <j 1 C.X^VJ <Sllo pMiJI iditLol 

^UJI c .1 iAqII ^Icu Vl v * j <JL^ (_ 5 -^ arbitrary ^ \ ^K. ^a 

inflation ^ \ < At II an < ^ p-^Lla p-^L^JI ^ji .Lallan p-^-^ V 

^ j* 

<GL» jJUJI j^Slx J ^A II I J-a- 4 _ijI Aj ^ © Id 

<<-aIaiLo <LiiaJ^A <U 6 j^ J a I Ju^J ^5 

(Lijljja.) I ‘> a » 4jyaJi (_$Lt ' ° 4£U <1>15 4 itnljftJI dLL (jj^~ (jJ .UaJjft 12 tjlxo 

!» 

llil jj oaj II <dJJj jjlj (Li»_ujjj .false vacuum Lijlj o-jL^. 1 ^. ~t -t- a . ^ ,i ~i l.*> vCa > j 
UoJ^s 12 ^3 P-MiJI <JLaJI dLt LxLlaja 

Jjj lj n> p-^LaJI ^jl .0 < *i j In 1 ^-S true vacuum ^ qj q ^ ^J[ 

«> # 

.^UJlL -0 Lc^ 1*^1 fill loXxl j Ijl i 4 T 1 

^ 5* ^ 

(jLo-i.i L^jljjj Ljjx.1 1 11 1 jis <Lo jja. 4_ujx. jlLsVI aLi cLL£ LoJj 
t-lj^JI (jl l jS Ijjiftj (jjjjliAJ^JI (jl 4JikA. jLoJL j-idaJI (j-o t'ij] 

0 ^ if * C £ 

S-i-o S jl d *IJ -k I .ini J-O IjjjJo (jl JJLJ iJ^vV Ciij (jj V) 4_uiljjJI j -o ~t uu 




L\ S 4 tM \ a v*S £j\ \ u^l >*l lH a i ^jl LjjJ&LIo a > 

o ^ ^ 

pt.m,i * la II jtjjLj jjl jJ-Uj pA LiA^j-inapa (jj£j LaJjA. £"JjJI 6JA (jni i i 

^ t ^ ^ 

^_2 J /a > 'a t ( j_ili frl J 4 - 1 U 14 1 a Al JaI C-l i mV 4~i Jiil jJ oVI -> a ^ i 1 up! (jjj^jJa Lf lt 

---..- j ' 

(j^ij (Jj-i uLpxaJI j^Lajjll jSij-a jj-S £-Si 4 4 l"Lk aj ‘Lc.^. j . i . n cdajli. 4-&j <^Lj^l ijA 

4-J . id 4_LiiiaJI d L. III » d a 1 « ~ a II ~ .1 'j U. i II a 1. i a" * ‘~‘ 1 I o. \ \ f ■ 4ji (j5> a .ci II 

i. 4 -hi"^‘i J-flj .^J^Uayl S Jp^pa j-i£- i-Luil 4_uJ_>J t il c. (j u"ij jjjia A t ^a -lla II 

I * » a3 J-a.L j jl I il (j*t a « L^Jj / -.1 . . d A. 1 A l,l-i .a Sjjja.j_aJI j- iX. al i iTi^U jjl 

. (18) iin^a 

4^LaJI d^j-ol (j-° f 1, 7^-d- 1 » 4 i*\ :p_A 4j-aJI_*_a I ) 1 1 C . i_i i (^jJI (Jl J j “ i I I (jl 

positivs d , J ,yi 4 x d^JI 4 _>iA » ~i II ^j-a !j-& 4 _jjSfl j v '*^ 4 ^~ 4J9U0 

IjJ ((jj^JI a ^ 1 uj fj jljjl ,,i.Jjj jljjl I a K <jl Ja^^Lj Cx^* <Vjl ‘feedback 

^ ** 

CjVjL*-* (jjuij <dljj J-*-i .jljjj jj^SLL) 4 1 K I I <JiU»JI (jLs <4_5LLa aM -t. II 1 ’1 1~ a ! IjLs 

Jj-a-a (jl _S IjJ (LfrjjonJ ,jjJI <JilJaJI £-a J_il jj_> (jj^JI JjJ- o ^jl ^jLaJj^ 

(jilLlio ^-a Lijiai I 1 "I ~'~ * £_jjj_jjJI (JjJL-a '— > 1 111 -JJ-ajJI £-a Jbljjj ^—au^JjJI 

4 1 ni^l ~-lj * a ~ il jj[ .^ajJI exponentially I >. ml » a ^ ll ^ijl^iLi IjJ ( ^_ll > II 
Ijjapa^a ■> a> • Jl ,J a-v |^lj La ^ iaj 04 ~v - 1 IjJ dia. <jJLc d f j 1 . i fc * LI 1 * > 

.(9-8 (JSLiJI) 

4-al ^J 4j| jfT\ t-uxi ^j^j-aj 4ja.l^jj 4 K-iL-all ^Lfi <dJj 

* •» 
SjLdl ^ 1 ft ^ ^jl ^ ^ \\ \ II C.ul^^ Jj_il ^ ill ^yxl^uj] J &J t sUjV 4 q s j U 

# ^ 0 0 s g *» 

l I«-I<lla ljj& jld LaJj < L t II l-L Idle ^jjiLa-a (jduaJI ^Jl <Cj_uij I j \ ‘.I C^l x ~.V I j 
L>SJ .(jl 1 mill i_lALi£. (^Jl ljJ_)Ai i_j-Ajj ^ 1 A-JI <ja.j^j_oj Jat~ 1 -n. 1 l .'aa .4 > j -^ ~ 1 1 

(^a diljj <(j_ij n ti « I I (jj-dl j^l^l (^.a j »j^. (j^ Si 1 -> II (_yJI jlc. (i / AtJI ^ a n 


l ^ l fl LuJt (j JJIJLl <L*.^a (^jLj pi (_^ pA$ < jlUfll t |VjLll pA pj^JI Ijlj .Id ^pol V Cl (18) 

« ^ ^ JO^ 

(!>-* ^LaIjiU JjV <^LV1 (j^ 5 CT 8 ^ -Li^Ual V (j-e Jjl (jSLa-t >-SjS 4 _ujI^J 






■ .n •v 1 ^-Ti.Jl j»JLaJI .9-8 J *> m II 

< — ml i 9 ji 1 J— i <^JLaJl M " ■ “1 (2)— 6 J ' ° 

><*> > jj <4_1 jLa 4£jqgJ 

10 X ^ 11 (j“° j t *V-> 

ill! I^ljn <AJ Jl ^lJI 

iSJ^J 

LT^l J J 4-jl jjJI HA Lh^-J f ^ 

^ ^ ^ 32 

<1 J-C.1 A*~1 Si <jVl 0-°J ‘^-JoLIl 10 J X > <I_)Lf_> 

A=.l jj 

.4-8 J^iJI ^ 4 l*i o a 1 1 oLajjjLIa-uJ! 



jl -w~iVI ^4 (jlA Jal ■» M \ II j^lj_a .^gj*s 4 II Jol m I II jj_c (j J 1 1 j « t a (j-AJj-J jxjk. 

0 fc 
A. Starobinsky ^ ^ ■■■‘^ »fl J^ojJLuiI L ajic <1979 ^Lc. 

*, ** 

<_)^.l ^ 1 ‘. JJ I j a A a jjl^ 4 a si , . . S J*\ c ^ s^jU s < 1 1 | LaLxJI 4. s_s (j_X Ijliil 

(jjH <jL£-s 1 5 j-aJLaJI cjLiYjJI l j-i Lai .1965 ^.U. E. Gliner j '» j j c c> . nlj[ jjb 
ujX-j-oJI j_lC. 4 ' ■ 1 1 ' L > « n II ._i l-». 4 II ol..\ i "v j .j Ai-o ^u^juj A. Guth 

^Lc. 4 1M a a ^Jl J J-S ^ <Cji a i-mA II pLjj-lS ^__fi 4. K A n 1 ^ Q ,^s ^ > ( d»Q 


0 

4_j| 6 jLlLcI ^Jb +■ JUoH 1 ] J A 11 J7 j J A Jl )j_A II CxjL^ 

yixa ^*u 4 _^_ia-uj <JLJI ^Ju ^ <phaso transition «j^laJI JLSIjI)) JiLo 

5 ? 

J-uaj (jl (j*\.a->j ((j^JI ^ ~v <A~ J^Li.j .IjjJLa. ' . /~| J 1 P-Loj) 

4 = «= 

^ « <<JJj j-a ij <dLlj <Lol ^ i A V JJ a til ij ^ l.ta a ll ^ ft <o II 

. iSLLJI ^IjLa I j j 5 i j ^ q t,a^k pill t-lSljjJI p^LUI jl ^ L 1 a.\\r 4J1 aJ 

U-..IJ ^J_A J <(Jjl_LU p-Lo 4_jL^j jjl p^Lk-l) (j-4 S <(JI aVijll lj_4 J_» j, U*~\ * I j 

1' J > X pl_a 4 . .* " (jj’v I 1 4 /s A. . X ~ /. II <JLaJI (jl . J ija. j-o j 4_jtAj J ' ' ' >-fl1.4-iti 




> ? 

<jSJ <6J a -v~ (j-a 1^..' fi5> c G_)lj^a. <La.jJ 3*U*if. :4_SjLa 

jl % ~l J^Lk. «< t ol *\ II <ajIj^.» ^.1-U > <aL£ <ST y s-LoJI J.a% it 1 A k \ \ C.^ .^LjLuj 

u- A aIJjJI C-^LkJI (jLi <(J* A ILj . JalLsJI r^)A 4.r0 4-JfiLla Ij c-LoJI 

^ ^ ^ j 

i^J ^ ^ 4_5 LLa 1 q jJo^o <- Li. a. >JL"v s-^La. q i tsi > I jl ^ \% 4_^j|_i 4 _^jJa j^_j ^jJI 

#* i# « ^ 

IJju <<Jailll &JJ& ^j-o IpJa^j . jA*iJl 1 >|j <L^jJ IjLflljJ tS\\ II 

. 4_»^3J >£I <lijioLj ^JLxJI » -t t * ^ajlJIa i In a II jLxJLjVI 

4_aa ^o jJS^ja kfi .+. -y ill ajijjiJl)) ^ > > i ii I I ^ ^ A | jjj 

J UL i <2UaJI (2)1 jVjjall ^j^alll <LaJjj ^^All <JSL£i^Jlj .Sdck 

jj-a — ■ .Uall ,-■!.' i S jx. ' g i v l-i~> 4-^.jj j^JI tl^-iVC i ~v -ml 

<Li £)da. (_jjJI (Jjls-oJLj jL" j-a.1 Cj^-uu Cj jj-i J-Sj ^ -v .A" H j..^c. <LiL^_j 

(jl A A II 4 1*^ ui ft <(jLi-oJt (Jaa -LU ^Jx.j ul jXA *k > II 

* £ s 

qLa ja jl \ \ .m ■ \ -vl t*l l V 1J llL&J ^ in) II ■ \ A-i Ja-A ^)L^A_» 

* 

■ 4a.all &jjfc I iisAtA-*. II ii > A. . X~ II 


^ jJI ^chaotic in Nation '^~Ju \ ^ - ti 11 «> k-i Jl jjt ■ ~t > * ■ <■ II 

>iL(i (jjj^svlj (Jj_^aliJL d982 j».Lc. A. Linde Aj-d <_aLii 

(dJj jj-o V>i JJ (4 jJ1x. Sjl_)^u ^-v'N iA~ill ^J.4%,.1 j^Jq (JLaj-il >_JJaL» V lift .CjA^I (JJ3 

Ijlj (^a. -A~ll (JiaJ arbitrary < m^.-v~ jL« ia > ^jj| Ij_jL» LJLc. 

5 s 

pisuA (JJL^Jl jlc ^ 4 -uLLqJI c^jJI . a-^— l^aJI c!ia j-Th. ( 4 .i.fll^ l^j > jSfc (JJLaJI 

. 4_ ft. \JU 1 ^Jl p -V ,/N t II (J i^i i I * > '( j ( ^ a > a -n. I I cM -v 1 1 <La_sl^aJI <JLaJI ^Jl 

^ a l n mi n Jl (L-il-j >JI a j-A Jj) i(~i^-U «La_al_>-aJI 5jtj_aJI <La,jJ ^Laj_jlj 

Jlaljl ^j-a Lf M Ljjj j (‘K i (A~ill J r £^0 (graceful exit AjUJI 

s*» 

CjI Ja^.j J^a-j ji-Jr. ^-lxj IjJfcj - cajaaJI ^j-o Jjl jj5 n-llj IjJ . j^ltill 

<— i^JLaJI iU>» II jf\ 'y fl \ V 1 1 l^X. J^LuuV ^ 4ja.jJa < vll f <^UI (jSJ — 

^JjA ^_1 jLlj_ujJI Ijjfc 4 cl X II Cil lli > IjLA • jv jjj JI^aLo ^ jil 

O' ^ ^ SSS 

<AliJI ^l*Al. (jJ iao. aJoJI oLxlliJI Luajlj (plja. all ^ j_j3 J -*-u.a7>J Jja. 4_oj3La 

<jJLiAJj cdljLa a. ^jAIH CjLi^Iaj J ,^o ^y-lxj . a L$J^ <_^3JI II 




i_Ldll (j-a J a Adi lilJj V d-SJ lie. jj Lfrle. Ladle. <11 J <dj» I de». ^Jl 

aij Calj_ill j».dil l^l[ |vl (Cjl.a-a<aLijJLi aj 4 1 a J itn LjlLa tjjlljj <-illda j-lULhi! 

^ a p . g 

(Sjjd Ijj c?^! d - 4 ud^' ui -'j - 4 bj ■ u ~' e ' <j* LijlLLkl 

•jULk^U ^L>L2 (Jlaj (_£ dJI 1» II j-A (dA i^_L*_U ^ I A" II i >L* I I 

■f m ^ 

\C- Un i <11 dlljjl J*A ^ . ol J ■ m II a -p ■ A>* 11 2 L J lA 1 2 ■ I . . ■ n II djl_l£.ldlJI J A 
p. -p . d~ II ^jLs P< 1 . .. iU‘t i a II . .Loll Cal J a^d LaI 1 I a axil ^ " II << tit Vi, II i_j j_i J. J1 (pIaJI 

p. -. _ ,X~ 1 1 ^JJ?L j Ladle. ~p JdjalJ! (J <p-il ^1 < iklill . ij) '»JI ad-A J ‘ V-Xd I (] A 1 ■ A. . 

ddd"? Jd^? (“•Ia.o <llailJI ji^Il J\ -l^dbr 1 - (d-^ '-ijjjl JA 

d-^.ld ££d -J-u <* " 1 " Ij-A (d ^- 1 dij lH (JVjVI j-A iJ-J La aldA . dad -a. 

( y (j-ajJI ‘ll^aC. Od“* ‘o ^- 1 Lt-iaJj V Jde. 

§d^ (J-Sj ‘(-'L^ld U 1 ^ ub) f 4 -° df* f-=^» Vd - 5 ‘(^b u 1 ^ ub) (H-° dd^- 
<!£J ‘(l^b ub) f ^ 0 dd*- (S^-h 5 (j-sj ‘(!^b ub) p-f-* dd*- 
(j^-aj td^b t or'^~* ' ~^ ^ 45^' (dd^^ f^b*-^ Ud? (idAdd* 1 dd^ Ud^d ^ lll-ilt 
.<Gi* ^sk jJU <ui j J£ ^multiuniverse «bdAi^ LJU)) Ji 

J_3 <_jV 4_j! ^yd Llj^S 1 iti- t LLJLc ^_yj2L-i /j] (j£ ^J-d 0 UJ \ 

.(10-8 J<L-JI) lL ^ iJI ^yd ^ i V LaJJ£. I 4 J 6 ^) ^ i n J-lixu 

<_JjtiJI ijiijJl (jLi <4 li 11 * 1 * 1 5 p \1 a» H L>j 1 fl\l ^jt Lli! ^ 

^ ^ d „! 

Id '» 1 ^iipaj <lV <iillj y^u Vl (J-oll I 1 i*s1 <j il^J ^.dSl dl^ l*Jj ^ - L p-i ^ I dd^U 

.,^-alxJI JlfUl L )1 6 ^- 


- '*..■!! La :^_a I a A d "p j . Lo ^ ^ II Cal dal VI ^j_a llj da V ^jl^.1 1^ ^l^^.l ^jVId-auj <— a_j 
jj-S La-aJLc. t ^Vf I dUj (jJI a fl-\ .a-i i ^1 (J’n aj ^ dJI < I \ a lie < ip-il -1 1 ^Jl r II jjl 

^JL*JI (jl y .—I t <■ ■! ! J JXJ j».VI :jA ^Ullj < ? ( j3ljlll aj^d^ (dd*l-JI ^JUJI 

SdLoVI 





Jjaj-oJI jJLxU j^aj < |> * <V*i 1 ) £* jLoj .1 0-8 < n I I 

SjV jJ 4 ii > ftA J1 <JbaJJI ,1 Ut.*> ^Jl SjJal II 6 j-4 j .dJJj (jl J-l-LJ 1 ^ l^Lo LaLaS <l^jA 

<j-a jJ-aJj ^-o ^-aX. LaJLc, (jJ&ij £}J& ^ LajV Jj-a* <j-°j lPI <J-* ( j 1^ 1 ^UiaJl 

«jdJjj - (jy> «<ill ^j-o oLjjaJuyij oUj^j^P (JaS ^Jj VI ^Jl*JI ,yLj ^ U I I £-a <^JI^*JI u_iV1 oLLo 

£-53 (j-»1» 'JlJj nJI tj£- 4*^ ft all <j^AiVI j.^. 1 .additive L> ^^a».VI ^JI^jJI 6J-a £>l^ lj| 

<jj^5 1 a j t*i * \ JpLSj ^jjo j^o CL tjr fi I > & Ijli :iv> j t> ^_aj L$j 1 ^jh «S^^^,VI £-ll^*Jl tdJj 

La j a a* 3 1^ V\ I <U\i\W , us! i.i'i ^^^.Vl ^JI^aJI jjLj J 1 a a II Uld^l 

< j < La t j5 ^j^fLII l J_A ( j-fi i i »5^ a jl ft . I ^ l^lo ^j)!^ jj ^“t-ll la 1. 5 jJ Li IjJ d a 1~ A. * ‘L&j^Lxj L^_» «da_kJ^-o 

.>1 ^Ul ^KJI 6 L^yJI l^jS 
<« 

SjLa a II SjLqJI <j_a J J~& J-4 La_o SjLaJI jj-o J-^. ^j_i I jLoJ jl 

.La (jl^o (_j-s SjLiAaJI SjLoJI ^ya olj^a-o jjb c>VI o~^>Vl Aa.1 Ssntimsttsr 

CjVI > o i_ijJLj ^jfc ^ 1 i~> aVI ^Jl Uj _>a > I S jl i«*i a ajLa I j_j pj Llj) ila.cx J 

.ol>a-<JI &1 a J!u ^jic. JfJj Cj-“ cSj^ 

(jjij ji - ' > o " Ct\jdj uljlLq (Sjy •"" (jjj c-l i^i 8 II (jl^ LaJ «<lLi 1=J1 j 

<■ 

— olj jJ! ajjk i^y a Ij^a. j .".<11 dlljjS 1 i <jjl l a II jlj ** "** * * P^yJ-a <jLi laJ^S 
ol_>^-0 t— S j I~ a j-A ajLil (j-a ._4 4-1 jj (jl . La. 

» o 0 , * 0 ^ . 

jitS-. i-a^ j '.. 4-jLfl ijj l ^ 1 a ,t,V) IjJh (J-i-a 1 , si j \ ;...;: ,L^_J| 5jLA-JI ajLaJi 

(J-S Ijl S jl 1 » I' J . ajL^A-oJI SjLaJ! j^a Laa ajla <4 ift^v A-vj ' 

4 „ 

l a^. i a (jj^* (j^ ^ <5jl i^i a II SjLaJI ^ SjLaJI (ja (jLi jl. m'a (jljji <_>1 J-iJI 
<4.8.1 4 ~k II (yJj .pLiayi (j£ P-jj-iiljJI ^La-iiVI CjLjja^i V| ^yAu l-aJj Cilit 




(jL i -k . j \ -v jJs OJ^-* (jl wU V I jJ JjLLo J^xJj ^ x 4_«j 

■& 

(jfLjQ-* i., iu$b .JUjJI antiparticles * ^ .a ^ 11 ,~>l A \\ ^lc cA ^ 1 1 i q ^qU 

S^j^j <J la|J 

A. Sakharov Ojjji ^ itn a 11^ ^Jjl— /) l & II J— 4-a^s jj&J 

.1* iuLU julT Ji ^ <1965 f U JuM^fl ad^iJI Jl (1998-1921) 

V cA tl of, Laj-^. 1 i 1.1 ~\ » 4_j1 

j-5 (}L!u < cjLj^3^^)_xJI ^ qLa jjXfJI ^jl ^ \ * a * <hadrons J1 jjx .U & •% " 

jJiLu yt ja ^Li-ll Lj_«SJI .* 19 ^}LLs oLij>ljj^j) leptons ciljjid ,_jJI 
^jlc. Ja3 c) <£1^1 . charge conjugate parity (cp) mil 
J.,^4.11 jJ^il f parity ^,-La J^Aii p L>t ^charge conjugation <i^_iJI 

:^jjljjJI ^jLilJ ^ a*s t f-Joui-i ^jl >_j-a-» iilLi^.^1 (jl jjt ilJLlI! Jaj_iiJI .(6 
frozen in :_!.■?>— > <La 4 U ->.1 Ijl J-La. (JiLs 

■ < li . i'n .i o QjSJI J^laj 

(GUT's) grand-unified ( 5 ^JI ajJLj_a_ll ^Lj-lklJI D <ytfl .-sjjlS 
oU jjJl^JI (j-*-* Jjj-sJI ^ » is (6 U -Lai II u_s La I > Tj_iAl^isVI theories 

l 15 ^-bLlUJI dJL^.~ \\ u> J^- 5 ) ^ j 11 » II CjL^jwi <oLj >L d J lj 

.(J^JlJLij oL jS_J ^u-uaj /jl CjLjjjJ-f-Ll < ^Cil At i n •% II ^v-i-i i j jtjH iSi \ ->.1 
(jj^U-fJI ^-SJ-> ( 5 jill (j-a jj U a < ' iiii. <jLi II lii j jfLfl* H I ~i n_i j 
. TijLuJI JlwV ti. I 111 _ 6 ^5 (j>t^ - CiVj)*t~>H aj-A 

fj£. V LjjLs <JJI_1 4 -t Mil J 6 j-o 4-ij-li-i ^ j) '■ 1 1 “' <J 

* * o 

4-ijl-ia II CjL» jj^dl ULa. ^uu (^4^ IjJ <(_5 jTii 4 lal-^ll Cil a i iii-n.II aJLA Cil < ^^*<1 •% 

(Jjjj-a JL a't W l X L jjj-> J wi ^ Lul j-xj .X gauge bosons 

# ** ~ 

^ 5 s ^ ^ # 

L>*\ 1 1 ^ iAVI Ijjli *■«! s 


<^Lfi Lai <5 J > J in II Nj fl H 4 is i ill ^Jx .1 4 *P> pi a > ama uLjjji .1 ^ J 1 6 J ^ a II LljIj ( 19 ) 

. oL> I ~ fapILfl CiLijlxUI Lai f L^-xo pi <■> \ m-v ,11 j cKjl j^Ji II 




j ^ ,a > jji £j*c ^ . ,X jLk^aJI ■v i ... -^ ll jjLj (JiLaJLij .antidoun Quark 

** ** ^ ' ** 

f> * * 0 * 

Ijlj .down Quark ^ IaI .Ah I n \ . .. J 

^ * •& 

^jo uL» ^Lfl i l-fl 1 4 \\ ^ ^ a t^VI d^j-A Vj-*-o 

•£ " ^ 

d)_o 4 1 ml <a jltXcl ‘L-oJj ^_1 ^JLa- <Sjl <A <o II SjLoJI^ SjLoJI /)— 

^jJI ^.A Ij-Aj .4_»ljjJi X CjLj^j^jJ SjLl^-oJI cA a * my IQ X 

If 

jJSj .cA \ 1 ax II dll cjVjji-o M-iifl < M il a % J ^ j U~i <<ij 4»W <CP dL^»l 
<Laj (2 jI ..IjtAt (Jj-o^JI I_y.&.c. J i a ~ Mil j\ j ~i Y C- ^ a l *C n CP lilt i l (jl Ljjlj 

(jlj <1 li "j ^LoVI j i ■ ..~ “LjlL<lc i^jc. La j ,\ t «" 5> a i V f-IjijJI (_jJ| u^jjLj <->L a c. 

(l)La-j>.j <jVl o51*jj .4 « i t > < <L5jLaJI (£j^. AA t^jill Ij-A ^jljlll j*A£. 

Li 1 <11 Lot .(j^jSdl u-S (jjl^j^UI Ia^J oLii| ^A a j l .i A . a . I I SjLaJI jj-ic SjLoJI 
(^jjLxj (^jjl j-A LlaJLt Lojjj JAC. Jlj Lai <<jjlj-^° jj£. ^JL*JI 

5 s ^ fl 2 _p -1 ^ 

— I ui ” J« JJJU-aJI 1 -ft tj j} *lj_A j^J-C 

ff * 

. Lo j,a£, l^laLxLo 

9 

< il-il -L J^jl SjLa-il 4 j^Lj g-l^A-Lll IjLaJ -j_j-A 4 >< il.a.11 <JL. m ,aJI 

^-~ ^ i~^l . .■ Li^ .strinQ thoory jLi^^l ^y> oIjj J n~ia « j * ■■.»"! 

LAJ^a.j ^jJI 4-a-ij-uj A c, I frl iVl.hLi <jLjj^l <_i^daj JjX. (J j<~i a II Ij-A jj*^l 

^ gj jjS g, ^ 

<-OJ (j! Jjj - A UL I A^. ^jJI <1 1 fili cJljlo <->J Ir-l 't M tdJjj <4 _l n il -v, LaUajjI 

g £ J s 

(j-o 6^)5 s \ a 11 LL^JI 4- fl- l.^ jljjVI ijj-laj (jl Jj-lx. CjWaJI (jA» i 

Cj-il^ lj| JL^JI 4 lie ^2x3^-* > Lo £j) iii’i 

fl tl 4 lr> J >1 (1)0 — SjLoJI 4 mV I pi ^ia->JI 

« s* ^ o 

jj_o > .A o I IjL^ijl QL a j| Cx^li (1>^-J (pi oj iii aj 

f* 

(jL^ <i! Lij^j ijli A i .g_a t II ^j-0 L-iL x- a- l jLa-_4al Vaj SpaQh©tti ^^yjLfcl > Ml 11^ 

5 j ' g 

<1aj- j-JLc. Sjlj^L CiLa-jJ t ~_) (j-«J - Ia^. aj*N i n II CjLSjVI jj-S 

4-j 1 ^ !t> J Ij-A ^1)V (LoLoj Lsv^iA-i^a Ij-A . 6 J 4ii I I t — juJt (J^ 

4-xjLj^ ^ *\ II J Sj aJl All j 4 — lj jl-Tk j .1 1 (jLi 4-i^j^ oLsLui^aJI lj| 

crl^l 5^JI ^_fl ()j^ uaII c x^JI La jjjLLo ^_s LoLoj ^aLUVi V II 





(j-0 £-0 ^j-O lJjLaJJ 4 A JJjLojVl ^^ill (jl 6 (J AS\ ft 1 1 ^_fl Lljlj .1 1 “8 J ^ ‘ ^ 

* * 

6J-A <jaj i_Ajflln i_j.-L.m_> i LoLoS I 'yin 1(1 ^mjJ Ij-A - p > U ^ H jl ■> fl\V1 ia.jjj) <Ja^J 

0 

.jLjjVI , U> LaJo£. ^ ft'i'yt IjJb (jl j J_uj .IjLa. SjJ-uoi oLSjl C5jiJl 

^jUaj^UI IjJfc <jLjjV 1 4_>^>Jcui J^lisa 1 ^j\f. <j| J^u ^8“1 1 <ull^ iilj^L» < itllual 

w ^ J X 

.L^jjVj ‘tlaaJ <-)jl min tli^lfiJI (£jill lilt (j J jJa£.j ‘JjCy i—LliloJI 


(jl jltTi l^Jil (_yjfc jljj 'i I <jjiajJ <aj1_)JI oIaUI (jl llit j uiil 

L^-la d ~ , .. (^^j_ajj| j\ jJ* ~i t /','‘i t- As* i j "• £■ J_»J I j i ll *S fi jL*_il Zj .7i f. (jj)*\ 1,1 
t_ijl~i.ll j t f- jlj j^l j-H tlui-rk. iCalabi-Yau jLi _ ^_>VL^ ^1 ^-s Sjj-a-j-o 

ULijJa £_lu jj LfljLi jLjjVI ji i~ f.l 1 Vi’s <1 i ~<l^t .A a II ala _! jL*-iVI 5 j j A-laJI 
p-LLsJI i \ i r.j .(Jn^l « n II (jjjJaJI ^ »"ji anti-strings SjLlIaJI jlijVl jj <Ia^.Ij 

g} 

<jL» jLjljI 6j niC. ^ J pluAi j_> ft i/Vi I.l^-CLJ IjJ <(jl Ji fli Lo^-jLi <jL*A-o J-*3J 3^3 

* ~ ** ** ** ~ * * 

^-2 Mlu V ^jJI 4 V^VI 1 $ xlL> <->1j <6jLiA-0 jtjlj jljjLi 

In i^k.^ ^5 lx5lA. LoJio LoLqji y^LuiTiVl £jja P-1 ^AaJI ^-1 A*j tjli <1^ JlA 

.Jjjjl (> <a!j 


till m Jio i j » i II xiaj f-Ltli ^.a-t .jj_)l < a i la. ^jYI 4-^La-i 6-=^* 

fSjl <A a 11 6jLoJI i-U-a ^ a ^ U a \ j ? In 2 t (jLc ^abacus jb » ^ 11 


•X n 

^ j.iO 1 > ' J, -k. a a Lj V I <^« Lq-a 1 j.a.1 ^ ~i a~ij LJ Af . I»U< jjl i a~ 1~ ... 




t j 1 1 > II A ia I <J jlk Ji-o (£ji±x j ^ .b\ ■y iVI ^jii A V i j LoIaj ic^uJl 

jj5laA.ll <cUj ^j-o Vjj 1-o.iIjc.j .(12-8 VLoILaJ JJ51 ^-aS J L3^J I 

y * ■& C, j! 

jLsljVI Vi J^%-o L^Lfi^Li <6jl j ^aI I jliijVI j jLi j^l 

_ <la.j_aJ| _>i-a ^-!_)ILsl (jjo ja^ t _ > aaJ liUj J - I i-A .<aila Jj-o ja^j 

jL*_il <a'iLj (_f-iaa L^-jla 1 (j j i j. _i . < S . 4 . ~ I I (j^-°a ^^aJI Sjl . Afil l jlajVlj jlajVI <jl 

x 0 0 _fi & 

Ij-A j <<JLsl j_cJI jl_*_)VI j jaa-3 j <1 <Aj > l^.ioa i ^ Vfta <jl (J-aaL=>_aJI ( j-o_S <<Laj-LLo 
j -ili~ ~'~ jL*_il <aila ^jl tjjfc jlxj .(13-8 |J5L<7 i 11^ Jal i in tVI j jl iti~ iVl Jj-o 1 n a 
J 1 Vi ,i <dLlj (JauLaJ Ci-S^JI jlaLaVI J 'v" (jl J-J-Sj ma la j 

.CaS S jj).rs. ~>-a jLaal <a_tu l^jla Loajj <<LdtaJI < ala . jja 


tr* o 1 - 


.1 2-8 j^iii ii 



LjL^ Ijl I j a "> I j <j1 s-i V Lq_a j _ .1 * II 

I ^ nlQ I Jj i f Jill I 1 A ^ .1 , \ I I ft 

Ja“ - L^jav LT® JL‘aa.1 

1a I ii II .t. 1 1 ^ <r.' . . I -. a, \ I A Wl jJjLL 

•U^ ^au . 


j-7jj <(jL>-7j -13-8 J'- *» -‘L_ll 

((jLiaXL-^i .ylijiLo (jajaa 
^ 1 ja. a. i jl I aA.I-fcl 

(jLSjVI <JjikU liijj j n . Vij ol 

J * i~ al l CjI^ ml"> 4_aj 

!_*_£ ,jLj_,1 ^ jLijV! 

jLxjVI Lai .Aa.lj axj ^a 7 .Ua\ll .-.I II 

j aujj V— i IjJ i 5 j j -fc . ^ j d . a . - /. II 
jIjljVI JLjljI ij^Lj (^J-au ' J 

■JjlLJI LaJUJ iliLJI 




I 1 L> &1 -i a. a JjLlll— ut ^ J » a " ... n 11 jf, IjLxS <^_jual_aJI jjC. II Lilia I xil 

■ 4ll-n 4ll jxX- j-j LIjaAI a Llljl j/s jl ■-— "-.I i 41 1 a j_»A. 4j| (_yo^>li-aJI 

Cy j^ - j s - 0 j| ^Ljj 1= jl >4l «. i < jl >a~> ... i * Lux) jl ^Lc ^Laakl <La!» 
jLi_uill ' jl (j-oj <Lali-o jjSJI jl Lua jl 8 <1 ^jlkll 4iaSj jl 1.1 -. I. 

aXA jl jJjj ,x>Vl ^yil JXal t,m 4 nil i to jl |va AJU. 4li.fi j-lC. jjSLILfl ’ j I '!" 1 “ r ' 

<j-ln ?>> ^_Lc ^ j>Lt <L Jj < JteJLj <Lojj .^j i m^^ll Lo ijjaX. 5J jp<i rt H S^fL&Jl ^_A 

L<uj <Biq Crunch pjiric ^ ^ (..JL^ <5JLaJI &±a 

. ^>.i*Lt,iiJl ^yd CiLj^xii^p £s_uaa Jxj 

s? ^ j s t ^ 

LuqjI X^jj jl <xWI ^jJI jjSJt £_u» jL> jl (Jfilr.fi II jj> jLi (JjjJI ij 45j jf 

fJLJ J Jl XA ^xXj-a xD . ' ■ ■ 1 ^ <La—lu^j j] ^-1 c. 4jjVl j-a j ) ^ JXC 

(J axI-iu! jjlA jl ^j^xlll 1 1 > I Cj . jj£JI aXu i ^jLU 4J j}f j-a. j ^o-4ii'^JI 

<LLx> 4JL)ja 4aj j ■ rv a II je J» ill jj mill Csphsicl 4 j jiifiJI & j 'll fi ll y t II 

(jj^lj . p j-i/1 II S XuiJ 4-tj.ia f. (jjjLiS a Xx J oaIII jf> jjli j a 1 i ‘ i n JIajiILluI ^Jb 

jx 4j_i^S <1 ll< ^.-^.1 j _ (_jAi '! jiji (j- 4 ^ ^ Ja-filll jjs jjLii! j a . 1 mi l 

(binary system ^jLii ^Uii j-* Iu>s _ u-^jVI 4 \<L\ <^^.11 4 

i ” * 

4x^ (A.-. 4 '1 ‘Jl (j_jij j fajL^. j_o LaxIwLi (_j-lJI SjLfJI j_a . tl ^ jxi ■% . t 

^ LaI *i.h<^j II Ja^lJI j„o 4 SjLa II iXilj«-l^n.fvll La jLkj (JxLilLl 

“ ** ^ # 

J 

^ 1 i " > 1 a lQ 4 a lo *u v -Q Id la a lII 4_LjL_LJI CjI j * \ tu a II ^jLi uj O-fi^ 

a ^^_Lj ( 4_i jLflLX&JI Sj-iJULcJI ^ ^ L-l t JL=JI La5v IjJ .[+!*[ i 

<i^A-aJ S I^jUIj^ ^JIaaILujI 1 i\ A t j <P^.<AH a J-julJ 5LjjLjJL-o ^jxiLjl5 CjI 

^ G * G ^ 

j-o l^-il^ ml jlLiil j«l ... a II j) ^ 1 rwll SjjLfi xlllAj .Lie. LajLjljI 
■ Lla J '1*1 » xa_li pLiXul 4 _ujIjJ 1 (j II t\X 1 ml jSLa i I ji <4_i j\ j \ a II ^j.-%.lll 

ia a! It jo Sxx*_J1 4x11x11 plj al II jf> IjXe jl 1 998 ^Le i..4 i?il^l XA j 

£ £ ^ ^ 

tj.4 jL£ Ijl jl (LUaLu a jjlL!l jL^ lj| i_i_-%_> Loa Ip^lo ex >l c>lL^ la 

i<x-ia. -<f) XjaIjLo 4JjVI jjfrSCl jt 4Ja_i . 4_1 _iLj 4x.j ..i i ix^ c-ipil 

(_jjJI ^jA n IaII IjA (P-jLaJ! i_ i.ull (_ylJI 45LLJI dt ^jJI 44 Lla jtxo ja Xi jLs 




u-° l 0 ‘Cosmological constant Lr ^ o >1 *; II 0 ^ .uj 

jwj jLi^-jVI i. fll a tlj ^.UL\lil i_i.jw-i.u.II iijl^yuJ wJJjj t (jjLl-i.uA.il y-is <-^-_>j-sl 

* * <- 

<jJjLa CulIi LoJxX «<GUL1 ^j &LjI lj.yiA.ft ^IjILflVI IdA jfllLiiijal jlj 

^JriC.Li)) j ^->1 *1-ij4.Y J jljJSl jl 5 jlx-V jVl 4-jlj-jJI C* *il ^ 

jX ^Jjj m ft 11 4 iA^lJLlI iSUaJI jl . ( 20 ) J_J|| -U.i A.I) 4 LaAa. 11 jA (( <Gl ln iVt 
dLJjj ^ J H j_o ja^I jl .dark GriGrQy ^ ai > a II <xLlaJI ^ a < »»~ ^jLtu_»JI 

j -w II 4 -iLc.jJI J ' ' ■■• ^ I c I (j twin." (j*S o i 9 . ^u-JLL jio-.uj s ^Jl <t_uL) :.' jua.jJLi 
w jl "* j j~y.j j_a ^j-LLwjJj " II d *. K * a II oLa _ j_jjL_i_uJI . \ ~^\ jl .quintessence 

(jjSUI ^jLuil (j|j < J U -V ^ O-W «Yl J U~lf. 1j-l 4j1 jJfc ^J-iuO jy. C. ^-3. jJj X L X OjSa 

jj-A l_!j-j v Lo J- 3 L .> ilLljj _ u-w-wuLj-aJI CuSj-ll <-LjLa CjVj~*_o ^Jl £_ijj_i_uj 

ijl-ijJ J^j.~ '. ... ,dJj£ (JLaJI jH Ijlj .dUj ^.-w-> jl (|<lui 1 O 30 ) «Q_UJ (jjjJj^j 

. j.Lm I ill o II Sl_j-aJlj L'lIj ,-w a I 4 -a. -v.~i.t-ft II L>l 8 1 II £-0 iLu^Jal j 5 I U-a ‘LljsJ 4 1 ~w 1 ia 

$ * *> 

ild-3.1 jj^l ut j-^- 4 '**'* '**- * (jJ I i I'll Jj-uull I jjfc J, 1 n ~ II jJ-la (jl (_jAjJLsL-uj j 

• till J^j-o jic Ij-A ,jSJ <£jyzy Si ^ jjw! 


. <Ll iji (j-ujL 10 4_>ljj9 J»j ilLljj .La JaA. ^J| itjuaJ (_^U-A ull II aU'i~. ... 

jj J I jl J_o J U a l^_ jjLaw t ' a j l-i 8 (j t\ "wl Lsy a C. v .is~t " j a~ \ > ... 

‘(_J^J^I Jjij (jl J-S^jiLl 111 Q - ^ -L.ii ■ ' _^-aVI luLA «tJa-i_Lu_i S^Jli (jLfi IjJ .(j.ua-iu.11 

o 0 
Jjx. wjSIsLJ I ^ r.li-ll (Jjll I_w?w-Ulj (jlj^l (_y3j>'l'l III .Lijlxo l jS ^ \ m~> ‘LiLfij 

j j^ajVI 6Jj^.j-ftJlj 1 wi^A. <i_Lfljlt j i m ft t ti II JjLftJI 

.LujLj 4*1 an 50 £j-ft 4 _LjJjJ jSj^-J U J^*t I^aU^I jA.J II CjJ-cJI 

(j_o (jj^-“ cjl-J • (jujuuJJ I 8 viln Hi ^Jj tuu 111 j % 1 (j_o i a 1 -w ~ » Lo 

(J^j-^wt < 1 1 n f (J jH. 411 (JLttla.1 ‘LUj .liui J l~ II 4 1 1 n f . ^ <ll .ll «■!([. ■■! 

** ** # 

w 4 j.1t. jA Lft-o Cjlj-flJl Ctl^dO L^CjL^u < jft~Q ^J1 juft <7i11 


ajA j| <CjLol ^ tu\ ^_s V uij_il ,~iLU t A. ~ jc. jit. (20) 

* * ** ^ ^ ^ 

a xa £jijll jj-o ^ ^yiil S^SJI ^ \^~>1 <.<41 c*ll^ CjlU-v-^’i 1 1 


..“iLU i-s-lll 




Jit q i i,Ai j>J> (jxj <ol .oAaJI jjJ! LgJjjLa l_>JJ^ l_)jjj ^o '" i • ■ 

(jl <(J-iS LaX. cJj-A (j-J-JI (jii o i~i II iJj-S <j-o i—i^lj)^ 11 t_S_UL-iAjl ^yjjLaLiJI iu.ll 
.Sj-A^>JI Lot .jl_o_> (^jJI Ljjj)~>~ ^g jl-Lli I 1 1» *i 1 i ,i3_j .(jA_>VI jlio £_ou_jjj 

3 ^ * *9 

(_j A_t .il It (j « i n < ~ i I I (Jj-^>.~i~i jti niLlj .LAJ Ci Laj jJLs .LijjLa. (j-&j 

j^jJI ^ j'^-tJt ylj Ijjk .4JUJI (_ji.i a itJl <Jj$ . a '^' JjL»j <ilj^ whit© dwarf 
.L^-j-o j .i L i-pal (jfjJI jt J^-jJI (j-° J L^jLl^. aJjs .(_)■■ - o ni I I £j_o j-a^ } 

.plj ij-i-u lajj&a < < Lia^>Jjaa Lo ^’V J Lol ij^^O (1 iA->i H-ol^J ^ ^ *1 lvT\ niS 

S* *s ^ 

J\.o LoLcx 3 <Sl V^w II Ja fl ^-Lc. L^_o ^^h-\ O-oljLo t Li_2w JJ&j ^jl ol^A-O-ll J 1~>~ hm 
plaaj . 4 tj ,Ti v- I I CxoljLo Sla^JI Ja_S ^Jx. J_laa ^aJI 4aj_JuaJI Cil X al^ a 11 

l^-a recycle j^Ja ^JLlI 4_5aj_l»JI ^J-Cj <Lij^Jaaj ^ j I ^j^£a Cj 1 i J i tj ^-lc. 
JJLJ <GjL^_j J y \ 11 (jijij j-t^oS. J-uaj (jt (J Q~I ~»-o 11 (j^S .Lfrjlj ^ n ^_s SjLoJI 

(j-u^Li 6 ijljji jjlj (_gl ‘j til a dJj (_J-j_a__5 10 14 ) 4 \ i ii ^jj) 1 1 ‘j-* 4lLo j 

1 4 'l l '"ti l <1 ml malt St_joJI ■» ' L. . Lo.ltC. «Ltl^_o 4 a »aU I itiu m t4 \ . .j 

4_lLo£. ‘ 4 Q j"" I . I’lfj ,<.taA VI j j < 1 4 l~< w i^a.^|jA,i ii^fDI (_juL tS o ILi <Jju lj - 3i i \‘\ 1 
Lujii Jjl »~v.n p-!_>-0 I^ya iilj^i CjIj-s nil I ~'' < N nj ny \ I I (jjStTJI 

•&_, 9 & 0 9 

^J-l^ L^J < 6j^La ^ brown dwsrfs ^ **.. » »> II ^ qk ^ 1 1 ^ o - 0 

^^J>a ^jaaliadl <Ja^ ^j-o J_fli (J^ l^. f l^Jl a A V ^fi^a V SjaJLusa 

^ a" m i J ^Sv-a a II (3-°^ . pl Jj).<.u,ll i^a ^-AaJI ^j-o ^oJaaa-o jal, ic jaaaj 80 

<Ijl^ g .aJ uj <j*o_uJI 6 j A ^jLiaaaa Lo, \\c. oJJj^ t « 1 v.\ xu P K i t ^ax^aJl ^j^aJI 

jaa^Jliaj <Lxoa1 ^jl iAu iti j t ill Lol .L^Jl A uaV Li_fll^ 1 _Aja^ ^u_uaaj 

<a-o j^v-> < Lo jR A^ka m» pl Jj) tu II >^a^fta II ^jLi <*l t\S> *^a^t Lolj-^l 

1 4 ,o, II pl II > i_j 4 i II o Ji * t0 ^ 4 *1 in it i_j!I (j_j * I * 

<4 n-L jAII ■! J j III II I ij) 4^ II (jlj tjj& .L^-o j.r> !i ■*» Q J ~ II ••• Cil_j^t_oJI _jS*!_j-o 

dll o ml Jlo ijtll * II (_j-S J_j ^ "~ .4-1 in 0.1 ii 4.1j 5> (j- 1 - 1 ^- 1 t 0 (j-o 4 jj_jJ I ^ l~t^ jjIiJI 

_>j) ii-ic. u_S plj -> o II (>o Cij ~t _i~i ^yjil oj i j i^~i II 4j j » 14JI * j ^ » Vi 4 04IL1 .(_jiijJjJI 
i~ift.4_^I 4_)jjjJI t^~M-g:l 4 ~ 1 " 4 .6j,a 11^1 Lolj^t j ^ ‘1 II * jjk i**ti l^ I jLj 4 a J ... 




JN ^ ~ LU f 1 * ijjjl A-d I a *• U^J \ I^s*l i ,« 1 \K I ( Jj i^Jo £)- o^j (J_l_fl 

^ ^ 35 

^jJI <jjJaj ^l*_i,yi Sxiii <*G-lu 1 0 4-iIij-o j^-0 La jLac.1 ^^jJI L^jLjjjj^j 

* t * * 

^ ?~ ‘' J”'' " ^jA i ‘VI |xji!Lfi 'I A.\ ,s~.j I lli, 1 Jill lilt 1 QXS (jjij (jl 1*1 1 If. I.LA.I 

~ j 

(JjLjlj luminosity ,jjJLii A (jAj > II ^Ij-SVI - > n <A l ^j-o ajjJjj (_£jJ1 

• ialj 400 4"d U~ ...I I -».l 1 

<Hawking radiationh ji$>A ub -o>o2 

,a i (1974 f.Lc S. Hawking q > ~ <n ^.A^-b ^ > < j^^JI 1 i *i~ 

(dLLu Lo Hit (i< lAij-c. jjj jfj Vacuum :^_JLnJI ^.?>..»JI ^j-s j (‘ftalll 

.(Jljj-ll Ojj-uJI SjI < A II CjLa-t-gt^Jlj Cjl n i III Al (jjs t_ijl~i .An (Zj£-jj Jjj jJb 

& *• & * 

<J*i ^ (j-ll «-La- «-LlAj> (V ' “> 0-° b*-jj u 1 lf* Ljj^i Ijb 

~ ^ ^ ^ j ^ 

V ^jJI g-1 <Aftll 4 J^kj ^aJI u-x5Ix!Lj Jcu^a II ^Ja-toJI jAj <J ^-loI 

A^_»j J-^lj ^LlllLj j\ iriui^N A.^k t a5 A^-IlC i Lfla Cilft > jjl > 

(jl a > ill .(14-8 JU4I) ^yft Cxj^^ ^ miS\ 


^LxCl I ^LAjI .1 4-8 4JI 

ipljj-ijjJI SjLo jjl j_L-fl ui (iij (^jJI 

JoLa-a JJ-^VI ^ A*> II ' °~~ (j-*A 

(Schwartzchild j 1_.l Aj'.lj a ^ki v 

.c-j ) 11 j l~\ tt ! j-ii i *Cla V 

tV ' "> J !».' ' “? o-« £jj 'ji <j1 aL* 
* * * $ 
-J4VI (*io 

jL-*A a J1 jk t iii y II JjLfl 

lj_Aj • j-flVt J_5 

Cj-^J <Cj^LflVLa ^ j *«lx1 1 ^-a-uij 

^ i 

Ijjb 4 a [ ><l j it i A5 j . Jj) mV I ■_ < a « 1 1 4 ,1 

^•k iii -v I I 6 ^j i a a II pi a t u J I 

A-a L «n^f 4 j mLi ft <-=kjoj ...yi 

.Jj-LuVl « I ft jJ ) <Jj^ 





j ^Vl >a i II (^a 1 




j aK'l O (j£- I J Hi <3Ua jj a I ol <1 (^jJI j*J m-y II Jjl . ill U 1J jV 1 1 11-^ 

,J „ t _ j J 

J j) i ill i iVi JU. j « *i i U i ,-V^. 4 1 1 «a II a j-fi . j/-i ^ i_i ft* II <t l~>^ Ljli IjJ 

; " " ' J * ^ p 

IjJ .iluj 1 0 Lii jJa iii'i «La1a*JI 6 j-ft JjLt £_Sjlll 1'i'i^a I<1 <daS JjLxj 

liJjM> (j^J^JI <«tldtu 10 100 pl_Aj ^-iA-a Jjlj <j| eJJj jj-o q*~iI--i" ...’i ^jl L‘i.< a t 

ti_i-. n l \ aI I oJjJI o-o 

^ ^ _51 0 jj ^ 

^ UAi 1 iA*\j <1 1 iAa i ^ A <<tj 1V1 

* ' & * 

£-0 J J aY> i M Ui^U 4 -IA^qJI (Jl^ioVI « t \ AjUuxIqI IX LfcU.U>[ 

, ^ 5 £ s* J) 

mj « * » 1 ^ > U a II jJU JJ-XLJ La£ LoLo_» ( JJ_ajJL» (j^fDI ml 


S ^ 9 ^ ^ 

< ■ fl " '» a j if- d i ^ j-^ H (Jl^Ja^J — i iaj ■■■ <<C1« j-i£ »■■-»« «l oJ^JI Jj-=il £-aj 

„ - * ^ „ <= 

<1 \jl ~i J) al- 1 J LijljL^jl jia J_a |-,1 1 A. II Uj.ii llaJI /jlio^JI (gjuut (jJj .Lukil 

t^JJlJI <jl^ ialj-JI (_jj-S . Lilil jJ 4 i jUauo Q i im I I ‘i"ij l (j \ (jil .J& (^jJI Lijj-a-jj 

g £ .P f "" J) 

LlJjIjl-uj IjJ . LK JLL pLxA^ <Loj <<->l g HI ^^Jls < JjU-JLj .j) 1Jxa.1I 

4. 1 <<^uUrJlj <4JJJaJL * • • * * A JaLlMJul C'J XA * 4 1"^-^ A g.1 t-vl Lj^ IajV 6^-ol fc 

tf* ** 

• '_ 1_1 P |^ 1 I JljAjVI o- 0 Ofi^-C- Of^ <*^lj 






1 >q ^y. xx j 1 iUlJj i L A a (3 1 Afl 1 n»"i xuj jLj lwl ^jLo^Ji 

^jll_*i*lj1 cj _/J! 


<lllj^. jIVm LojAx (jjl J-A ^ 

j-& L«j <jjlioJI jjb L ^.1 .^,L>jJI ^ J-a-*-jj (jL^-o-!l (_yi 

^ ^ yt ^ 

a II $ j LiJ ^jJL» 1 LluJa JjI ^j_i_» <1 < A o 1_1 a S^jLo^-M 

0 ^ £ * 

L. 6^ -C^ 1 ^o Lo <djj £-& t c '.‘s 1 ^jLo ^ i f Lojj — U-j i.m 4>a^- 

iij-*-aj Ll! ^t-a.j.«,i t ^_j£l! ^Ja-o jjLojJI <<_JLlLoJI JLsU^I j_LAj ^LojJI S^jLojJI 

>*Kti JjLojJI Sjl , i A ij . (Jj3ILu±aJI j ^j-usUJI (j^-* J iaJlj j j^LaJI 

** " _fi £ / x 

tfill jj-i^aLaJI <CL>JJ j j X " " J i alL-m^a 11 j I n t JjLoJ^JI f 4_I_alj~i-a.il . *~ «' . \ -vVI 

(^JoILLo i ^_ix. L l-o ^)I^_cuIL*lj 3 '^ A ^ J)Lo3-N • 6 j uaj ^ J * 1 > 

* * 0 0 

6jJ-»-a-o 0 V ‘(jLojJI (>e f-L*JI . ^J-U L a. ( j 1 a -v . j 

#* 

iLnJI tLi J - t .,1 - 4 . > tJ.~i ^^.lc. ujJa. jjitjj _ causality 4 ,> > » mil 

iia-i-uj illlj ^jLi <(jVI Ij-A iia. IjJ 4_j| u \* n \ :(j-oj-il JSLi. iilii.SU ^-a-j-LaJI 

• dlJj Jaj 


^J| 1 ^ \ a 4 a 111 » II ^jJI i_jj-3t (jl. ^ - a Jlj JjLojJJ Cilj i *n t~i II *j_A J-J-o (jfLJ 

3# ✓ 

d Ua\ 6^ Vi> <— a^ I II 1 1 a I <_il J_JI 4 1-1 V> .-.lj > ...a~ II ijiil jj .4 iitjLaJI 4-fi_jJi_aJI 






(jLo^D <jJLJI Lajjjj (jLi <(J <<n A II lj-4 \ u i 1-a.!^ j .^JLaJ j »l j '» II 

✓ " ^ 

^JLxJ! (jl LijLLo ^1 4 » i h. \ i II jiajJI <j ^ I j i , . ■ ^ ~ (jjj (_im~i (jlS-cJlj 

JM ^ /i ,aVI i i.*-, i. w II I AjjU* JjLi. i j-A jl^'i I I 4 (j -v . j (j£LI f (Jjua.J.1 jl j_i_o 

lillj (j-c «- Ur I 6 J*\ a I fil nil^l «.*i— >jj j ^ If LiJln. (jj j_i g-l n In II (j«n a j fi 

■ij i '** a ll Ij-A I a 'j a Ji 

^ .£ 

(jljjui JJU <jl2 ., jjl <(_yijVI ~ la ■•< (jjiLij j l ■ ■ . ~' V I lii Lajjx. I r>jl<A lit i~l 

Lr k. jkjjlj '4 i .Aj*/! I Wj^ I 4_> Ijj La i4 fi 1 9 -s, II .^jliaLtoj 

J tJt-SL "i jj_S {j ,ft I » II 0 .^ j-a-JI C)l n III (£j^.l j .1 $ 't-n pljja.1 (jjjL^S Jj <dlJj 

-a.La.lj <JLSJ aj- 11^11 <t 1% mVI ‘Lajbco JjLa-i V ^ .1 * Hi :ajl >1 jULftj Loj 0 J) ft In II 

T> __ 

0 jjJI < lynl n I J <Cil In -i jLaJI <X.J) .ft ft jJs c- ( j_ili (_£ V I 'l ft (j fi ^Lli-O jl 

^ i «*< ^ 

.Lfilxi.a L$ I ft m i J |*C II JJ -4 <* * 0 '* A <lL> j <ol Mil >4 I g > ft -u»j .j_jJI t l. fl.'ua ^!o^> II 

jij < (jljj-oJ jJUJI L l ft fi (jJI ilLfjJI ojl (_yjJI CjIji aa JI ,_jJj 1 (_j.fi J 

<cjIpIj^.i (jjjjjLji ^ jJ (ji^ .(jUj ft ii ip Li. i i i i n (jjjjj^aJi j j j i i a i ii 

<JLLoJI Jjj-w ^^JLcj fjjjjLjjjJI ^jjJI jj^lj^JI < _ s Jt (jjjiLaj Ijjl^ ^- '^L l 
(j i » 1 1 A 11 n n ft J (Jjj ji.1 11 i_s*ifl JI^IL LtJi 1 ' >!■ >JI i— s^>c- 

oLia[ ij ' l ~|L; J-. 1 1 ill^ii (_)jjJI 0- jl—uoJ 4jjljJI j»jL5 O I > ft (_y^ ^aSliJI 

(JU^JI Lajjj _ jl jjl j»jli i±a!jj (_jfi 0 jaj ifi^LxJI 6 jjb 4 n. 

l» 

ii^^J»-aJI (jxiLuil (_jJi olfrlj^VI . Li-i-S jl g ft (j i ' i^LjJI 4X.J) ft •>» n 

ji^i (_jJI lijjijj (J I ftu 1 1 5^5 t>i UfAl_>JI < jjjialJI J^olj 

• <_aL$JI (jijjjjJI ( 2 >j 0 Ijjt ^a-U'l L^iV <(_)JJJJ£.IaaS i-iJ-L-J J~iC ^Liifi i_Ls_jjLlo 

* * 

yJLaJI i qLaaU Ijjc. (jl j$j' 1 " <<LiLaJI (_jJ j 

*« S' 

.jk .(3 300) (j“ 1 * 1 a |^j <^Lujij .(j 500) (jjj^yx.1 *i t a Jl a f-1 Liljj ^fi 

■fi i * 

e-V^-* tj-^ I I *— «Si i— fijJtj V jn i <L i I ft f. J .jk .(J 200) (jxij^..),,'ijJ J 

(j_jjJ5 Jjo cL~'5> ^ if. CM j j (_jjJI jjl_jjJI J pLKn li ji t-ifi ft J Loj j f(_ynl "i itiVI 

t 

Jlj LaJ (lillj 0 ^ J . ji ^. if . <j Lj^iatl ( 5 ^ (_jJ |t jLfttfcVI 1‘v‘i^aj ^Lfi (j^ 




<j-o j fll i jJ-i-J V ^-Aj i j\ *' a-Aj^-S ^j-o II LUj-1 

5= * ** - 

.empty space £ jL^JI *LAill ol j /^>Lk ^ o I j-^.o.11 j 


^ t, V Q II ^uiLfiJI 1 1 » <« 4 ^JLijJaJI 1 1 1^ < J r* ■«■ ». .. 

(Jifi J^Ldl dJj pM-G-uJU i^jljJ-aAi. ( jaa La J^Lil 

i<4_ujjJI p L^lV 1 ^2>-° j * ^ ajj-m t jJLc. ^L. ^jl (J-jjLi-iii .4 1 i n 3500 

Jlj ijllLoVLi !_ijj-aJI jjJI (JLa-JuJI (j-a CjLfll m a jl jjl_> jl. a~t £.*^l L^_Ls1 

.oljjUL ^liLiG ojI^ i^jjJLII ^^-iiJI ^yjd ^jLSlj ^1 oULluaJI 

i [* 1 - 1 , uv Lfl x\c. IjILujI ^1 J^a-twJI jt— uj-aj ^->1 jj)..^.^. jaLu-o j^l_5 Lo,. uf .j 

> 

1^^-auLS * . lM j .A II jjJjLaj 4_fi jj-*_o j_lC i il i .1 (j C.^L-ual Jl^jJsl l^j_auL3 

J fl .3 <£J8 jj_i La^j .Cilj jLalL jl jliLaYLj Lai jlla^YI ajl A lj_l_a uj j L-A^LLa-fll L.-A. i l 

(jl^ < JllLoJI (J i i m .L«&J)» oa (_yj-ll jljx.^1 jal -> Ki ll ^.SC. ^y-iljj) a -. 

1 20 J^Lloaua Jia. (ji a_>>L=JI <^11 JL a- ioJI (j jfl >"*■« (jjjjljia 1 u a J^L 

5 s ^ » 

^ y t. | ^ J^la <1^^ 169 *_>13 ls <SjjLi 130 j l_>Lo 

‘Lh“° 119 j SjjL 131 _>^.l J jUl *. ia JJL*. ^ i_JjjJI ^1 Jj-<iJI t>a (Jj^-sJLa 
(jl^ii-u LLS '..1.4 "P-II (j V L» j » ~t..u».a (jL^ a ^ 0^-1 .SjjL 1 85 ^)Ja_sJlj 

- /j ia tl U~ » 

~fi & 0 

xJUlJI pLi-JI jifi .<X.jLij <La_^.Li-o 6^>^_S <J ^wLj^I ^j-5^ 

jxjS ^ j axjj . jllLoV L» cjlil h.aJI ^,u-\ (olwt^^JLj <lLLx1aJI <LojaSJI 

ol .uiLii (jt < A p > \ \ c. (JI^_laL_i 6 j >■ \ *y <-cljLS 6^-^Luj-o <l1 

LaA jjljJ-u Ul^ (j-ilfl.r%. I » I -l .,w iLr.j I j. v'K iAfll Ode. <Lx^.LuiA 

oLluLUI 6<jla J ml ^ } ^I^ILq 169 La-aI^Jols^ <1^Lo 1 1 9^ 120 


^JjLj Pjda. jj-o ^Jj. *x<y I AL tUll^ ^LSjVl &j-A j^h.1 LI (1) 

.Lj^Sj ,j1700 f.U J j*-> 



ft’l Ifj < pi J m V I A y I fj | JJ ^ g-lxLujI cCjI^X^jJI ^*1 & *> JLaJuLajuLj 

- ° 

.LfjUUJ qC. ^.k.t 11 j *Jra^ > <jL*_>VI t J5C <Ti 11 

^ a 

j* Ift’S 1 (j^-» j»-Ls . 41*^ I ft n ^_fl CjL-nl it II ^ kh ~l~i jj ja JAjI LU y2u jja">. jLlu 

^ ^ 1* 

<_JI 6 -Lit a <6 J^lj) < Lz*\ J.tt a 4 V-1I n a y J^jjLaJI 

4-^1 j-.ti f. jV^J jXu ojli jJLi fjLLa^L ^^Lij OjI^ Ladit ^1-y ^jJI <jLLi^M j 

** * * ^ * % 

6_>lai ^ <I_Jj> 799 j Ijia 960 &LjlLu 3 }UL». liiLoj ^^Ic. ^jlj^a jl^ .Lo xa. 

43 j 60 ala, 1-»A M »*■ i*l ,1 a > 4A« jJSlSI jkaJ £^jlj^ (j^S> J . I^j-a 1 249 
J^JL> 4_jL^j 4 .a ,K I St.-k a j-Lua eLSxll JjjLaJI -k. .Ij^a 75 

Llajjj <<Qa.Ljj^> (jc. ^L~J1 ^La i <JJL=k. Jjl LxLI Ijl 4j| xia < « 1 g-I ' -njd 

oLmL i i jJS J; I .^kxll ^ •^■ 'i i *i >1 a d- a . & L\ x . o <(_kAj-t^j <U^-L (j-° 

:So£.llll ^JLk-i i r i >1^ jjAjk.1 . ii n jl 

2 (^tUI pUJI) + 2 fJjVI fLJJI) = 2 (J^JI) 

* 

jLu^JL^klj 4 1 -yl i ,. A ^-ol^Vl _jJ-i-ol hliLd til k \ ). V m La^La. (3^ LoJ^ 

« * o 

tJjjl .'S« ,«i a iS-k II ^_a j . J a,-^ Uc a ^jjlLa ^ -u i Li j ciii jj i^La oJj 
<LjLL-oLj (Jlj Lxa t A ~ 1 a ^ <Lxj__jJ|JI CjI J-a.^J-11 Jl « J- ~i m l ^-Lc. Ij_j-ual jJ ^ ~i ~k 

s 

:<_iLLs jLa II ^ylc. Jj-.j-i-k II 

2 (^HJI fUJI) + 2 (JjVI n±JJ X C) = 2 (jL1}>) 

Jj>LxJI 1x4 <jL^J <jLlal CjLjL J-a JljiaVI J->J A . 1 .1 i__i j IL - a J-oLc. C ijli I 

. (2> <Hl^ ll JuJ\ (C culiJ) 

jjJI J^-^k. SxcLU <JjjJa_kuVI ^ya abjJI ^Jl SjjjJI 

^ -9 

Jia <j| <Gki£.L5 jjja 4 iLa.xll 5jl niVI ^j-o j»_4^l .4_kjij_iAj <GjJlxflj <Gjlc.L5 


« ^ ^ /o\ 

^-o l^vLS 7^-. A ftj (_y^^ JJ> A ^ frLftlc. kl5^ -jh-« = 0.9144 SjjLiJi '■ L y^ 4_La> iu,ftj( C 2j 

1 j-A jjj* (jl ^ (j-^* <j^3 .Sa jL» L^J s _ji» _j7Lo Lfj ^Jo (jl j is* fl AjjULaj C (j >j»-> 1 CxA^Jl 
ft 1 1 J-i 6 JjLJl ■ iij»* 4 ~k mJI Cul£ij <‘CAjLux]I <LftjfiJl_j C (jl ^_A_^ft1 IjJ <jluaa 





0 ' & 

(g ■ \ j fl II (jl fl j II La <jK Jl Cil i j<~<l -L La 4-S-ijJaj (_y>-L 1~ SjLlC 

t# ^ 0 ^ a 

Ls. jxj- 2 -j < ili^ ^-^^9 <Salvasutras ^ul^-j^— uj! & 1 <n ^tVs > a ^_ix 

9 4 

.jx .j 500 ^Lx.) Vedic era ^jlj. % a II j ^jl.,11 4 _i^_S La ,a ^ H j cjD^>-^.^L) 

t LoA I^-JI <iila (j'i i 6 J-cLL]l ^jlSk <^uI^JSlU ^ (j ftji \ fl i *±AC, ^ L_i jij 

<(j.t i\ II ^1 jxi . ^-° ^LLj^>ia_» Hill 4 1 i J rxi -i .u_o f-Lijlj -v i a , ^~ 

Sj^U ^ ^La jJ-t-r> I ^xll Jiuzhang suanshu LjLi£ Ij.a.^jJl <j-uJI 

* * 0 

.La>i 3_lcLL1! 1^1^ ^Lu^Sj ■ ^ .(3 200 j^Lt Ijj ^gjJI^ Han (jt-A j <^r 


J J-a. j ^.A«aj5.» <(j '~ l-i 4*1 jj-»-> <jl mall 4 nil 5 jx.L5 J y-^y <jLi ‘LSJ * -I* 1 J 

1* 

^gjjl < jV j ^ II J oL j)' -m-oJI J Jqj)1t. t^-11 j Jal fl ~l II ((jli-aJJ i j icij ^-Aj ‘ j “'"' A 

ciiL jl iA^JI l ** * lc. ( < i 1 ■ ^gjJI ^a-l nisll^ a > j . 4_ti La j y^yy tj ^ ~ a , > 

^,1^ jl ‘3 Q 1 J 0 ~* II (j-*-’ 1-° J^Li < < n>'*> A ^->1 Jj-aj3>. i_fijjLj I t. Ura— > jjjj .S^AcLLlI 

j»i f < 4 1~> i. a, II 4jj|,l_^yi jjLa-oJI (J^Jo ^^-lc olii^jJI y^j ‘Vjl 

4 n ii (jjuij Cjjl£ LJ j .(jjl'ja&'i [jju <JLluaII (j..ia~i ( _ y jJI 5jL£.LSJI jLa_jl < tlf. Jjj-StlLi 
(J-S (jl^fll I viljj (_U ^LlS j^jj-i^aJlj jj^JI (_J-S (j l~l I a xiua Sj£.L5j| C 

^j_Lc ^La^JI J • lj 'y (I ' ^ (jj-1 La jjLl ,Js j I n»~l JII^II j mj'lj II i Cj ' ‘ ^ " J II 

LT^ ‘(uj^? I j^-A j»JL*JI ^jlio (gl ( _ r lt (Jj -tuj 6 J£.Ls fjl 

2_L>|_5 diLiiiy j y~yy V < *> ~ .m j ^“y > < <x.Lao Loj^ < U a t ^ v.11 ^ > La 

!ji\ t-jj •% I II l’i i If. <GlA^j-oJI CjLu| ^ If Jj ,^-.-^11^ .<JLoJ(ILujI ^ya ) K x i7i ljjji.fl ^^4 -jLj 
jLi-<aj <4 > in 2300 J-ls <xJ! Elements V I 

. 6jL ^ -jI f^yj , Ixlfl l ^La^j £)| xXau V J*U 

6 JxLi 1 j I A l A ol O lil II 4jl_UJ yA (jl Jl2^ 

# Jj 

L>j_aUo statements (^^Lcj jh.a ^ ^Jl Ijl n ml ^ ^ ^ 

Ij-A i— i o .LjljI^ 1^1 J I a Ij_a .axioms «ol ^ 1 <<< f>» La L^- ml 

^ i ^ ^ 9 o s' ' 

/4-a tkc. 4 t .ft I r i ^ >a . >■*» i ^uAxLsl^ CjLoJ_uj_o Cj-X_uo^J <<L1_uj 2000 * jLa^J! 

6 Vi. i iA Su iajj-ulll i aJo ^£. JjJLxu <L^jV 

* * ** ~ ^ ~ ~ gf * 

* -9 # 

<£. lL I L> <<_1 it II Xi 4 j\r ^jLLj L^J ^j| ^-LC <<Jo-i-uxJ ^ ^ Q : 4 -A. Jgfi. 



Ll^J (J utf » ^xC. Uu-a j j-S L^-j! <i\l~\ T L^j! ^A 

* * 

«l_X*J (1x3^ ntj £_£ jJl jJjIawVI liflV jxJJJx ^ <lxij^-0 O^t l-i^xflrJI {J-ALaw.Tl.uj 

:<Jllll {^Jl ^ J£*U <L^J ^jit. I 1 1 o l _l»*s 1 i v*s 

.Jj {^1 ^ ia~ In.T ^ mj ^j.*s a i .1 

* £ 

. J jAcj. (jjJ jjjLAUkiVI ^ 1.4.1-i.iia.H iaXJI AiAa-j .2 

. JAc ^1 LA^Jai 1 A 4^J t ^ <4JaXi (g I LaJ5£^x 6 >»lj a i .3 

. <x jl jiiTwv 4 -ojIjLII Lilj^l ^xaa .4 

5 * 

jl^-o JaJLs J^w.1 ^ ^ xSx »ta j »-ujj {j*S nj jjia Jaa. (*g\ £jLa. <LlAj (^1 ^j-° *5 

.^J_ua VI 1 .uxoJJ 

5» ^ j, o ^ 

4 n I tit ^ II ^.ajui.a . ^LAj-A j)^w > Ct k 4 *LtwI ^.TifLl <Lo Ja ^Jl ^£jlxjJI pi** ■>*< i J-5J^ 

*< -i* ^ & 

^j-A j * Q 1 ^W 6^)-xi^ qLLjL XA.I {jX 4-I^J) i 1 1 ^ ^ jl jlJl A e\ 1 UX-Q 4 , ,, n [ T H 

jS '' « ** 

I (j ~ j l.dLfa Jjl dLlj jo Ll j A L jJI jvlc. !jj> (_£j-i.l (J>^ U“° j-^ Laa,; (jjJ-uaLjJI 

oliill _l^-i (£j £- A jj-A Lajl «Laluja 1-^jLi * i (_>-> j-ufLl C>L«.tw $A&JLaJI 

^£j-cu jaJ&jLaCi Cj 3 3 jJ > j J-J_}^l o L a- Luj a jI f ji\ IjLu-xul l (j v~v ip 

l_y*-> J ol.al jma 11 ^ya 1 ^ 1 ~i ~i~i aul ^j-S Ij-t -%‘i 1 jjl (jjA dLlj jL^-° 

^ ^ *> ^ 
ol < ajJjl A jLawxl {j^ A A " (J- 0 (Jl ^ pi n 1 i <> n II ^C. <l!xLjju-c L^_»l ui^JU 

:JiLa CiLaLuiaui <oJ ma ^jC. 4 i A l a~ t j .iVL> ciljj <^_^l jiJj \ija 

* 

^ . a~ , .. ^ ^g\ p hi j [J ‘ *- ~ ■ ■ ■ o 'I {jjz (p-) S~ iii a U (j £ I 4 I-. 4. i (j\ .5' 

^ ** SS! 

.^Vl ft i4~i mall jl_J-o 

: cr^ J 1 * 

(j-a 4 ~ i ft J i r. JAX. p mj K n < <{»■ i-4 "> au a 4_laJLi ^1 (j_a .5'' 

.£f I .<~»y I |\ t4~i I II nil l(j » ta-Si jljj CjI a i4~Lj.ua 11 

* 4 * ^ 9 y * 

‘ 4_>. ' . I al 4 ... \ *i A y , .. \ . I aV 4 /. I ... a J«»* ... < ^ jJI cl .X a H , a .^.j ^ ttl |( 

0 ^ 2 S 0 ' J 

■ 4 i , \ ' I a | V CjLcuA'vA <1iAj CjI alma a. li~i-ijja.il >_ftt jj*» j~i i ^ a <<u j 




(_jjJI «=■! .A a 1 1 4-aj^La jJjj »t-ll i ,L$lV ‘ <L> J j I aV I 4 ni.Tij ]Li (^jVl Jjijl jlu 

2 H- s * « 

I JJX. 4-ai ^J\ i ilai 1 ^jJI j-iitc <iMUI ^Jl (jij ^ A • j a \ 

4 ^ <4 in oLaJI <aLm4a!I £y> 1 i \ 4 nl <i > pt \ naL^JI ^1 -»La 

i pLa. Luj , a 11 &jla .<-JjuiJI pLujLlSJLj La^I C \ ^1 jiA plu^l 11 j_a 

j^Ll ^J-S l^ll-Ajj JjjI <<_yajjtlj_iA 4lAj_l_a { ^Jt t 4-ixi-aLlJI 4-cuLau-oJI <-uall_jj 

\ > lei ol n | m aJ 4jxHi 4_sLuxaJLi 4 atsllJI ^Ijj a *k SjtLS jLj IjJ . JjV I 4_.L£ 

■ Lua.il «LiA t It I y ; j J) a ^ d .... \\A^ 

I 4 J < oU'i « j <^gj) > mi a II ^_a 4 '.'>1 oVI <| i nj, i II (^jX. Li jjJ i-=k 
<t_ij-*_i llil (jJai jt 1 J> jaa Llil lu ^j-a Sp^La ^ U m ( Jj-a 

4-i^a. 4jjl -all C)l ual 4 L il j CiLtUjjl 4-J-4 jIa-iVI j^j^Ij p! iAl ( ^yJ ^Ji, ijA i Llil 

al .A a II (juj^X-Ll i j 4_i_4 j-x-a <<i^!i J j m II l ya ,^gj~.-.n -a II 

:4aJllll 4 jLxxaJI jaali <^sLulV1 £-Lu=JI Jjla pI jla.L 4 j^IjJI jL*_iV I 

2 (jxll±ll fUJI) + 2 ( V &M fL^I) + 2 (JjW £^JI) = 2 (J^JI) 

^ # * 

II ' <J J jAa. V Lflj-4xi jjjiLaj (jjxxiLjjJLfl .llA c_ks ^ jJLj jjjXpJjia 1 i i,i J 

^1 « iL* ..ii V Li-aJaJ-a ^_oj . |t I a « 'll ^J4~> j\ >.l,t| 4 1 1 1 J i S > j 

aj_A *.l ■ -~l ^ £j-C. JJ i » ~ II ( j. < \-a.M Jl (j a a <4 j^LjJI I i i Ajt jLjlj! jjLallj p^^—i 

ij-S 4-iLlS ^j^Lo-aJI (j-a .^j*»L.<.uJ (JLaJO-puLi pi pi ■»■>■> a II 

: <tilLi jU ; V I jj pLuia 

2 ^L>/; + *(<±JUJi fUJi) + 2 (^gji fUJi) + 2 (jjVi ^laji) = 2 (j*ui) 

4j^Lj ^yd LajUj! Cilpl lOi ^5 Lai Lajlc. <1 ai Lo J jjaj <J-3 

<(JLxa 11 J..V xxu ^ I f. j_iX. IjJh i 'ljiic 4 xl ■ “ * ■ ' j- ^ ^ ^_A 

*"t * "t > 

«JJj jj-* .LloJLc. 4jjj lilljjV 4ajt iSu^ia jLjljVI (j- 1 - 1 (JaioJI (j-Ia SjiiSJi 
<-ttj J j»,1 <^.4 tft-xll LlaJlc jLa_i| 4 j^Ij j-uj V 4iL> lli^a « J-A 

V 4l1 8 (J <<~1 4 II Llil J SLo 4i>jJaj lit 4j yy. -t o II jL*_iVI jj-a lj ij^ 




A J /tif, <aI lAtl jJLc. tjjl jj <i 11 iijJUo I "> lf\-n i 

* 

-jjjijJI Jj4 jLjljVI 

iiA . jLujl 4 j^(j {jC- (jjj^Lc. Ijjl O (jl ^ Jj-u, 

„ ** * 

L^J CjIaLi^S ,-.t ,..'*i A ^.Xi - j ~1 ■ I j.Aa ^jjjJI j_^uUjl jjAm ,L»L»J It> j<i 

AJ jjxJI oU^UJI (jc. <LaLe_i 4 -lLa. j L^_il ^ <A_>^S ^ () * d (jl |jj) f ■ i \J Aj A jLl-kl 

* ^ 

^ i v-j 4.«) ^2*. oLliLii < jIjljVI <4_u^L» V i 4 _lcLj^) oUl j A ft 

di* ^1L1 (jj . (3) (1-9 JS-iJI) jL^VI {Jbjxl jLuVI ^1 iliix 


<Cj\ ( _^A LaJ jljjnH^uVI 4_i-i_i I \\5kl £>A^j <*,l lftf J ajlj <jt 

> J 

J I \ i Lc. <I*La .jljLjVt ^cL» j pLlAi ^ULLq (Ji-o-i ^^jJI jj ) I Lj <iJVl 

# - i * 

jj-fl la iV 1 a. j ul 4— jLui-a 

tin 1 ‘ j ■ » f - uj-^' J-j'j^j j-^-c dJLlit (jjJDl 

<Pirro della Francesca K ,„ ,t, ',1 jj jLj j^iu Giotto di Bondone 

(jL^j <(j_»j_»_j olj cjI— =«.^J y s <-jjLi_JI jl »,. >VI (j-c. j i i ^ ~» H _i Ij_j (j-jjJJI 



1 ^ j If ^va .1 hyperspace pt >n a II ^ l~> .1 -3 (J3L Jr* It 

<jL *-»1 4 _ 3 Uj 1 U iiiua LLfc UajJ .aniffiatiOHS Cilf-Ltak.[j 

.(jjAxj jj-A ^ L\A i.m ^Aj 


ijf a hypercube iaj-i-a g ^ ^ u ^v a (j 5T<> o il <ja 

h ttp://dogf eathers . com/java/hypercu be/html 


( 3 ) 






<G. Monge gjj-o jl >.i,ul£[ 1 ^ c.j*i J <uLjj <u^aLij ^-k. I > *< > a vJJj 

l jl i a / ^ j i ^ inf. yj-fiJI ^aJjl j^-s <PgIousg ( 1818 - 1746 ) j^Lu ^aj 

<iiilj jjlj .GGomGtriG dGscriptivG ( 1798 ) ixLu* ^J 1 «uLi£ ^ 

0 0 

^)kl U II J IU> I ^iJI < Lxi_iSJI J ilft.11 J 9 .)! J 1 Ml II 1 \ i 1 C. 

* % ~ 

ll_Ljuj < 1 ^ I J-A ^ J k \ .jIxjVI ixfll UiAJ jl < Jj-jJI jJiA> jUjVI <Lk£.L»jJI 

0 

*00 M ^ jj ^ l< 

* It » « Sj_tJLo I J "I » Jl j_L ■ ~ ■ »l ^ < j I A *1 (2>-o Lillla 4 I LU I <GV <Lo ' -> ^Jl IjS^t-n 

^ {5 Hi / 

^ * ** j 1 1 1 1 «A 4 cA iALk a aJI^ ol a 4 t^-oJl ^_2 LflJLA J-&jl1 ms /j] (Loiixui 

.aJSjJI > jL^-M t jg^A > IjJ fJ-alJI J-1-0-2I J j)2 -> \ 

t ** 0 

<jL» Q— y aA^LoJI ^-2 »*UqAj ^A ( 0 - <— aII^ JjlxII fcj 2 II ^ut^oJI 

$ ^ -V? 

Uajk. ^1 — i_iJ(^_ttJI^ 0 S » 1 II ^jL^.^1 i ■ « ^ * II -* \ f. <*~>j |V U i <LaJjLo 

j*JI ^Llll ( 2~9 J^ in 11 ^ 6^1n mxi J^io ^-Lc 1 2 > Lo^_Ltj^-o 

^ * 

J-kl^JI dJtjJI ^-2 J 2*l.iii n Jl 1 ~ i. a II j Lijp < u n ( 2 . — 11^ 

<dlJj J-* 2*t ^jl <Li^J 4 1 t\ \ 1 & ij <<J Ljjj) isi~s J 4 ,n t IjJb J A 11 

(3 — < a 11^ jLxj^I i^JtX n 11 .JjcjJI <LijI-1j Sp-^Lq ^5-^ A i \ \ 2 1 \ uxjj 

J ^-AJull ^UxjLi ^g\ <2— LijLu^ ^-2 £>l^ III ^_A 

* ' 0 ~ * ** - ~ ~ - 

P *" c- 

J^AjJL ( il ^oILui <lL.lll ^jl 6»i-A ^-2 <K 111 A Vi t— 1-%. ,<Lil£. 

0 

J M A > 4 K t\ I V LAjI J .oJllI ^ aL^jI J-ilxI_LLU V 

Llj^f f^JjjJl {jA <-JjLc 6<^V-o I 6*V-0 3 -u.iX^ft 

^jJ-C. <-o^_ 4 _Li^_o jLx-J^I Jl *\ (J-i-ll ^j-2 u^-L>-ft."i ijJj ( J— o ^j^_2lHJLo Ji\ 

Lo J^C 1 ,Vl< a t <J^-AjJLi ^pJI <LUJI SjX.L ■ <1 nJj ,J> Jl <ojI_1j cA I 

0 0 Jj jl 

Jju^-'| j f( 3-9 »~ill^ Gj)~ til* .i <<n 1 1 aj iTiVt'J .‘CSj^ 3 >. Jij I >»^.o (j^kLj 

J* 0 0 

4 LaaJI ( >1 «al m . 3 — i 11^ a L*—o 6 J..A ^ ^ ^ fl <_Lo_lJI 

s* ^ 0 5 * > 

<^-ol_C Joa^ L^JLq-Lc ^1 ^2jj "fc-ll 3^=J ^_2 1 ^.^1,.IA< ^jJI <LjjJoJI ( ^-o Jj-AJUL 




0 0 0 ^ * > 

3~i_i»^a <i'm Lut j «a flic. 5^>is (j-® 




Z, fi 

t jA <4j_)Jo djl ^ a iA‘i t Ijjbj «3 — i_,i»*s nl Jj ill «L Lit nil I V*«M ■*! all j > mi* jJLc. SjjtJ 
*• ^ 

■ ^^jui Axhj J*S ni 1 d *Un 1 Li£ lijl ^-uiSkxu A. La. ill Jj| 



4— 


3~ 


^;Jja£ fcLxjlj j-»LJl ■_ (1 dl> 4 U . “I'JJ 4 Q I" -v /s jL*_>1 ^_fl oLi-JL$_a f-Ltxu| .2“9 (JSuIlIJ 

9 ^ 0 * 

(1 — i t j« < Vo^ -Lx. ^Jr. J i^i-fc.') J .^4Uaj^ Q J ui^ a ^j-a O j) > oL aCft Jl t j-o <X j) a x. <i U_A j . JLjJuX 
t_jJL^_o ^ < LaJx. < 5 >L^JjLj In-vJ) (2-i.ti^ a) ^x-uj-o ^Jx-j t JjxIj aLxxLj 4 U fl\ II 

jjljJI jjjtxiJI J u alJI j > ■<■ a > 1 \ ft 1 a *> jjflJ . < Jf. J_> J.x (_gJj-AX 6 LxjL> iai-aJI j ' (3 — <_aaSLo^ (jjjlc 
^LxjLj 3-uja1xJI (4— jL*_»VI 4-u*j[ Cfi A j *1 J-^LaJI 

^J_a (jl xll I Jj la *« A ^j-Ljj LjjSs^j :0jLjJI ^J^-xJI J . . ■ Q > > I, a >*S JXj ^la , 1 > jkJ ^ JUOjJ I 


Jj t a I* ^ /j_i_Al -v. >L> J^LaJI u*^aII jjjJj 


.(4 — - jIxj^I ^.cLj^ Jo^i-o u.t * ^ a e 1 III >V Lo c_i^>ju» <jVl 

* ~ „ * ^ o ^ 

1 q .Ia< . anology ^<t >> mm 11 ^ ^.<1 > q II ^ ^ t u -~<L* . ^->1 ^ 11 ^ 

* * * * 

3 — c-aa^-o » 4 — I LuLi A j^. aJ_a^ ( 1 — ^ >*n a p-LlaJ 0— Lm^o 

^ * * 

i^L is\xi J_aj ‘c/^J m i 4j^IoJI jIjla^I 

* * * ' “ ^ ' 

<jt La^j LjjIjljI ^^-Lc (s^ 3 nCm j j ^ mu V Lij^f < Jj ft j 1L> 

J *a \j \ a A a j &c > -klxSJI ajtfl < JjJli jju jj-i-aj U*\ ui*i V ^JaiII 

#* 

^lc Im,.icL ii a Ij I a\ II (J!Lo LoLqji ^analogy ^uLlSJLj a 4JjL^xj cdJj 


1 \ <2~9 (J^ III 11 ^_fl (J \ i ^ II 4— c-AJi^-all JlX jJI 4 \%\ illl 6 fl 

•* -fl 

6 j-?-j l k*- * - * Jj-^= ^ j -i « & <sj-^~a hypergeing J j I ^ « ^,-ic. 

_ I tf^a ^uij (j!Lo LoLoj liiljj <(4-9 (J's |?| 11^ jIxj! <J^lj L>J <to <oL*£JI 

0 

3~i_tA < Ca 3-oUn^o j > il a,*> 4— i_»a^-o j_<iijj 2~Cil iai<.« <~> m ^Jl 3 




. . > I J1AJ! jLsljVI c l ,Aa ^4 ^jLc. ^»*s a pL*Sij| a* .3-9 >fJl 

t o o 

<..a.1-».a II c_fl JJ ^ N X£t JU io-tj-ujJI ^]a j 6j^l a 11 J) ±S\ 1 > <lU j j <CjL*-J^>-Q «CLuj 

Of 9 '■'*'» ** 

u_fl ^J-i^ <JL aa1^uI n ^ iSjjJl (j-lc. (jjJ ^-AJl J ) JjljJI ^ * J 1 *"' tjfl -coj i -c>^ JqjLa 

* " ~ >* 

.^J JA AJ J-IlAa A ^_yC> <Gj^j i >» irfTtlf J^A <4 JSa1jlJI 


jj-o 4 — i_i»*\ nil s-Liiol Jj*\ r. > i t »*s iJj . ^ II 


j^J- 0 ^ 


^jJJjUDI -L*-o *<A-ual-a LAj^-lojj LiiLi ^^lll 5-uLojJI 3 ~CjI n II 

(3-° (jl ' ^~' ill pLiAaJI jjA (JajJI < >.iii*i (jLs->VI s-LusaJI 

^ Q 4 * ■$ 

j J a j (j5-o LoL<o ij&XLi <^Ll^ tfj^x n 1 1 a II ^-i^J-^jJI ^1 t, i j^aj J uu in <\ II 

p^^lill LaI .jLju^I ^^ill pi xJ \ til ii .ti a XK-iaj a ^LjG jjlaJI ^jLu c.1 . a q 

.cdJj <j^jL-u*a ^l ,v^kj iLfl jLx_»VI ^x.Lj pLuki 


Piero della Fransesca L *> ^ 3^iJI <j[ .dJj ^IIj jjjUL* ^ a 11 ».ll jJl j_L! (4) 

-** 0 # ~ ** ° 

*■ tL^JI ^la<L ^jJIj ^ ^ * Flgellation of Christ (1400) * * m&]| vL^- ^ ajj^jlaJI 

^jl^x JIaj The Crucifixion: Corpus hypercubics (1954) ji-Jl a II ^ 

• ajL-iV 




ql 1 J > J -v I 


.4-9 jiAJi 


d P j a X ft I I A . 1 A lia^Lo 1 . f * ^ _A 

jLjUjVI <_xj}Lj o i XX*\^ 4_JljLclj ^ya <LaJj^ftJ| 

dLljj ^^JaLiaJI <JaAj> (Jjklj jja m.a 

.6 6^-a^^-ll Lsl-o J} *s~i I ^ Jjl_ > 

a " ^ " 

Lj^_*£»l y \ $ j L*_a ^-L^l.'t 1_L^_»I Lulc 

■Laj^U^k li-Jj < j^- > JH 'n-aJLj 1 >.1[ 

j ~w a oli 1 *«* >j . 4 ka'i ft I I 
*■ (_£^H (jl ;j »0 

^j-o oLajt <j^C» Ij-A . \j fl*tj 

.jLxjI <*Jj! ^ <Jf jj 


jU^uii l j_i_i M uji Lojj r ‘ ^ •*•' r ^ji j.uJI j^jlii 4_>. \ i flV i 4- i .. \ *> ^. n 1^,1 j o 

Jl ^L^\j - 3 J^iJI L! j U . jAJ\l jL-a J Jl (1727-1643) 

<dJj (Jjl^ > ^ .pLAsJI ^jx. l ft p( xAalJ StStlC <4i II 

«* ^ ^ 

L^_jljl_ui_o I j_j_3l_> oL ^ fli.i \ tforce S^j-SJI 

j, _ j> 

1 Y\\ a \ <^LJI 1 \ 4 til W JL-Ui ^_Sj . 4 l i\''\~\ a oLcj-ijJ-i d)j^T> 1 1 a 7>>-JJ) <4 A s'i's ill n.ll 

JjL*. . 1L> {jLo^JI g-^ a jJ 4-^ ^kla Jjl <CLi-uaa ^j^xj ml j J-> \ 11 

11 6^5 jjij jxJ <jV <^1a.xJI 4-flJLa-j j>J (3^ iiij] 

a 

pLjLiV i-J^j^ua CxjL$ jjl ^>-!o ^Lx-iiiSU \ :oljL“*-JI 

Sjji (Jjjl ■!» ' >j ~ J ‘ * j /\ . a~ ... a U J U -v ^ I f - J U~ ’l l 1 ol n t III II 

\-£- j • ."11 ij_sJ| ^ j j i . *■ . > a a ..**■! * * ■■■•' II Ciljl m n jin"! ^ I r A . . ■. \ *■ j II 
lA ( 4 ^ U" \ A !1 j Ajfl" II LaJx ^Jl /4 1 ^ \ 1-U H 4*\ ^ -V 1 1 oLil^-aJVI 

.^XflU jujjq JaA. J^Jo 

4- 1 > 0 ^jxiLc. \. 1LU j 1-1 I nj a (jLaJI 1 t /j_"> ^ J a 1 1 l -a \ ^ 



**' i9 0 

<a ml W i xxla (jl*\ n llj >5 ll\/> ol^J'j u 1 ^ ‘j^Lc 

: J15 jia ^jaJjLoxi II pV> Cj-fl^Jl pLAa^I J ^ »D t <nj j 

L^-jLoiiS-o LojIj ^Jlaj Pjj-uil tfL. 4-S^Lc. <J ^jJI <4-ut=>LaJI <CL * i \ l-i > r^Ua A ) 

*< * 

*0 (jl J jl jJsiL ■_ <t ...*»> <<L_n=»LaJI OjuuJaJ ^ A t *a Jl t ^ 1 L a j I (jLo^JI ...La— ujI 

• c 'u-^‘ 

lj|j i^jc »-N mi £_jV *U 01 UI ^jjS 3 J) < j i . .:> . 1 L> ^_jjJI Ij-A Ijli 

<il .ii nil (jt C 5 J-* (jl^ lj|j •^*Luu u .Aji (_yaja— u> J^S titLaxi i~i i i^i al 

.j^Ij _>li-o ^l_ i 5> L^ii jjjja-cu (^^aasIj-qJI ^} A y ui-® 3 3 - ^ - ® -* 

a '^lj <iaJLc. ^jLojllj jt_Lulj ^jjuo (jliajl 

J-ULj i_»$ jl .ji.u.-o jva-‘> £ ■ila’i no t>* iJaAj jaLjill <j| 

t a ■ ^_LoLttJI II Jj ^ Sjjlj Lu^>Ji jl hi n II Ijjk ^ i i^i > I 4_j-C. 

4_i jjj p > \ i <j| J_u <<j_i^laj i_i i f. I j-A ^jl 4 iii 8 ~< (^jj jjj C?L -I j- 1 -a.-o 

(jl^ I6JAJ (^o pl.njjtJ Zj »^> n II aj-A dl^L» L*jl5 <<Gljjil ^4ajL«Lt1jj^ ixlfsljj 

aj-A ^ jjl ^iJIaJIj . <£-j I llj (j^o V <(3^^ 4-aalll 3 J* (1^ 

Ijjk La-Li (^J ' ‘"'J < 3-*'-~ 1 ^ l ^‘ *1 .Lxjjii d^.1 3-® c>J^ taj t ~> a II 

.Jja.^11 ljj» <_> j»Jui ja.a'La ilj j uJ II ^ ^ .all ^ J -^a" 


.•jjjllLa.j-0 jaLo^l LoJlS SjLiA^JI (1955-1879) ^jLuiujI ojh-iJi £_sj dU 

IS^- u-^ '•HVJ ^ nr. I 4_5 _>jJLxj ^LojJL» 1^ <\ II Ja_j^_* ^li iLoJbV^jl 

^Ji .^U^i! 6uL^i^JI <U-JUJ1 4 ^jS>11I A~oj t^j-AlAaJI ^jLq^JI ^ *> II ^ 

1 1 iJLSUI ^ ^-io cjljLa«j| jiJbl j^l AAllll 

pLa Ij> 11 ^Lcj <plJLiyLi < ^ i 1 a . a II cj!^> ^ ^ a II j qL>--v ^Vl (J, .rv-Tt Lo LOLc .5 


Philosophiae naturalis ^ t .a i 1 1 jl > a 1 1 «> >« > >u u <4 < >< 1 4 Ji *** J j * a J I ■_ .1**^ ]| ^j-o 

.principia mathematica (1687) 



^ ' t ■ ■ ■ j . LfrLa jv fl-xn ■v i La 1^ u-i^i Jj-a t<? i x<.LiJjJi ^ i A La all I n"t . i.u 

(jl I4J 0 » It j (La^_i-a 4 .L.M 1 H .q ill ~kj-o-ll t~l-A ^ £ ^->1 ~ in *i il 

(jl Iji <Lo.iS Lo i_il * t~> u il <L^.La_i i^y^i J <1 (j~ Q il m jyjJ J^S-vTi 

t 

.lilij i— 1. (jj| j ^ ~ a j i 4 iUai (^jJI La LLi>- jiUj 

.. 4 <.-1 j jjjb J .J U.\ II £> j-i> <1 .^1 A. 11 A 11 1 n't II (jjLLaiijja jLrt-jl Jjl 

j_»-C . J <nli'L A \ \ m *i jf *\j a. j t o>A > C. (jiiLjJI Lfr-ij -% t dll 1 a -% ^Lo 1 1 

> t * i " ji 

J j MU (^1 i II J 4j| (J-A <Uj > S[j_aJI tl *1 itl JL tl > CjjlfC -?i~.j! ,..~ a 

.V ^1 t£ j % 1 a Ijt Lo cSliUJI ^j-o J-Iso jj) (jjj <>. ^ itr^j (jl j - ^ l riVt n 

• 4 p t o K"a 4 1 11 L_« II ^LVI (ji ^ il » ^)Lah-jLi 4 -v t" Jl 6»i-A ue 1 k - i ^ Li j' ^aX JjBj 

j aklU 4 fj ,,< t i*ij -v * t 4 fAla < <Jol—UJ_LJ inertial frame «^Jl K « II ^Ll»yi)) 

j £ 

^jjjjl Sj^Li fj . i j-xLJLc. (J- 4 <J 5 L« Sj*C a 11 o il *s J f 1 I Q~t mg -I^A. tj 

^yS jil^i LgJ j^uyi LraSoh-a 5^>>->i j a n 1 il j j • ^ * l. aj i c jjgf . * i l j i Jl 
Lo j 0 ■^.‘C i p a in~ <Laj JjLl j j -a-a-a-iH ' A ' if. a 1 ^Ls I^jLa (j^ 1 

H f jLla| ^j-Lt o-ija JliLo jIj-jVj -V L<! j a oj^LiJI (jL£ Ijl^ 

I^JX. LjJa^I_iiit IjLs :<GjLj Ae.j ... I ^.SjAj SjoLla (J-^lj (_g j -%~ i_i^1 ^ 1 Jjl j j) 1 ^1 ~t 

jj-iLijJI .SjjlLJI t Li.< I ‘1 \ 5 La 1 ^La ^JIaJI j_^a jl \ jLLI 

<j| <Laj ,‘1 1 1 (j^-u-1 4 1 £j_uJJI ^)J_1 j M l ij l J J_| I J-lLc. 

<.1 ^Vl <LloL1jJ £jC. LlqjIj /d ■ . .. tUl *. X aill J eL J^ll (j£- CiLojla_o Jj-il n V 

^ s s * 

Cxit <Liil tjJzj'i i i 1 <<jJLlaJ«JI ^>Ls^l ^sLSj ,jx. (_j-jl ~ ini 4 e>j^i < < - c\ A l <jjjJ 

j) s< > S® 

4 I ... ) .it 1*“*-*^ j_iIL^O Ij^J-LU-O ^p-OiAi JX. I Lj . <Li-lxiI^} J QA^ I tjUJj-0 < Ll^ 

** « " «= 

V 1 «**p *** 

j aa5!1 ut,t\ ^Jt 4-> in\IL A (jr* fpl.nil tftll j^a 

^yd 4x^_j_li 6 j-A J f Luj j <Lc. Lu. JI jxo 1 000 000 000 <X^ < l \ 


.^) j-(-o <j_lu_» jjjLLuuIjI jlil J ^aIx .m (jl$k jjj jL ljj| LSjI^ c.* au! aJLc Ljt (6) 

l» j “l 1 

L*_u2»1jILo ^jex f^Jlx. ^lxl ■> Lq_x- 9 <<-»_) ^^Luo £j»a J_iifl JdC CjtjlAJu! JpjjAj 

.<jl_jek. u^ISj ujJX jJ> «C»lj 




a iol£ ^LkSJJ 0.14- LLa^JL L^_jj <^jaA Jl ic^-uu jj-o <^oJLj 93 

^ * 

^ j ajsJLI J-oX. ^J_C ({ji a 1^-aJI ^ h » n I UMkj . 

LU-luI _ <_.<_. „. M< II .,jjL„iJI ^ » a n- *' * t * ■ <Lj!j Caj! <Li JJ-S jJLs < j3i_^_ua^_uoJ> 
t _yo-jj-j>.,-~i.l.l Faraday ^IjljLi < jl m~^l <(JJiL&JI Ij>-aj o-“ *— I > ll-c. 

j^£- JJj <^£. O J » nKjnl jaL i- i-k i J' unU I ji n ^£ll 

£» v b£JI ft** jL^ii <L^Jh^-a* ^1 ^ ,-iii u l j <jl^ .l^>A. 

I w\ a 1 “ ^ .^^Jl ^ * mi > 1L> Ltu I 1 000 000 000 ^ uil idj| 

■x 

.^J^.VI (j-° IaIJaI j \ 1 A jJ iLli j-,tC I (j Jit ^1 fcl * &JI /<! Q 1" A- A 

if 

[ \ > il*i^ ^ilii ^jl a * *i ml LS LoLoj dLLl^ j ■ »»t . ..a < » >1 II LjJjLu Ijlj 

t> 

iLucaj! <{j£J <{ jJbJli) -«■ ~ » II ilil aAjuiaJI Jj-% ft (jJI V <1 j K «-Li j-i-S-l! ^Jl aLoj 

4 t i.ii ilnl j» allj c-l J<H !ji\ 

tc.\ »j > a II CjV jL*_ftJI (j-a {jl .4-ij^j-aJI 4 In 8 1 II ^^Jl J j<-i~i ‘{jVlj 

. <7) C a j ■'-'N ic. j_uj ^ If J.n’iil'i <4 i «ii tli-il j« n II J <-.1 'J Q^ll . a .^-»~ ^^jJI dLlj 4 ><nl ^ ij 
ol jL*JI ' 1 1 '~"*"* <4 i in lUI i» o^O^II JjLiIj ^lll ^ lj 'iM j i i*C 'C5^ <^JI 

> i f~ f" ^ 

Jj-jjl Ciljl .1 « Jl j .^_gj v't-k a I () "i III j <c — J 4 I<nl -v 4 a .' 8 I ([ I ft 8 ~ ml (j-3-ll 

# _ # ' -» 

pLi .u-LII . >l» ■ a3i <C _J 4 ‘m o 4 ^ it I Jm' . . ." dji i<-i8 ^_8 

^jjJI 4 ft-l.8 II j^jg.a ‘i LiftJ Cut L^. >-iii 8 ^^jJI C 4^ft 1 8 ^jLs u.*.L iL~>5> JLaA!LujL> 

. . ' a~ ,-^ La <C {ju-t-aTi Laj‘i« 8 <(_^ j.^.1 S jl-u». » j .^yjl-uil iS {j^ lj! Lj. lie. '~<l 

t j^\ 4 1 .mjJLi Llu/^ 1 000 000 000 itjjiu dJ j-Th-j > i*l j*sl - ^ l*i ft Jaj^LoJLi 4 . > 0 II 

Laa. injft dljLiS J->88 <L»^kJI adjjj 

{j- ij e. J in' {jlj^Liiu {j 1 4 lj ft jjjaJUaC. jjjjLLal ^yJS iJy^V-i^nlj (jj^ 4 a i a->. I jjl 

# _ o 

I *> ft j. 8 . j.3 4 _|jJ4j^ Jjjllj ig-j) I U jLfcj mil ^jn 8i ^1 unii Cjjl^ j; >~ a l~ n. ^ 

a 

<Ula ‘{.f-iJjj iJ-aLiJI (j-olj>lll {^lc. Lj_j| .{jLoj>Jlj {jlSwoll 

Lxijj (^ c> ( > ^ cjII^-^^LoJI &j_a <*^3 31 1 ^ LjI^xo II 

JJ-a-iLa {ji\ ^ 4k, % 8 II 6 j-A Cj uf J-5j .C < ft j fl ^^uLj-S ^_8 dx_fljJl ^-o ^-xA*\ II ^LL.‘i[ p\ r> J. »J1 J^JLj (7) 

.4 i ult ft Itjlc. tjlj^Lo fr^AJI <£^_lu jx5 jkJj fli/ jk C— 299 792 458 




if 

4aIaj IjJ l\ e\ 3 <Jl -^1 < a jluIa. <JLL2iJ 6 J ^-3 <<Li ^Laj^l -lf- 

.cJJj ^l£. Lo iijj (jJ> J 


if 

<ln*> I 6 J^-S <4j (jl/uVI ^ylc. 


9 y 

b> >< ^lc.1 <Xj_uij jil .li ilLii £_o C _J 4 n iflll !_y i v-&>5> 

.^yjLujLiS ^x <1 9 111 a ^ojjl J m 1 1 1 a H <*l~tl m' i C jJb <J ^^Vl .la .1 S^l <1 I in tlLi 
-. <* 
jjj-j i*l~>L.i~il a \ n * ijLLc. j <^-jl i <<1 i ^ya j u-iil i.*l~>l < i A ji a jjl,.! io 4 ojl5> Ijl < V \ a a 

■ a LL I I 'j.-a’i ,.j. 111 S-a ^ a i.a {jC. 4 A ill a La-i-S jkj all liljlj .LIojI 4x j_j_u_i 

ji in > yl i 1 ^■‘lxi 4-ij^jlo 4_oj^>J 4 .Ui~ ^jjl <(jj_jjijJI» <j1 CjJ^vj J-Lfi ill) 

* ' ** 

ua_o 4_C^)_i-u Lui/^ 1 000 000 000 ^ 4x^^ 

<_£ jJI j_> jjulil (Jjl ^1 .^jLojJI j (jl^-oU jjJ £>1a 4 U d i it^j 

Jla J-jlfil Ai ^ -dljjVI j-JLllI I jjb J-ulS-i I * K ^ jlL f-j_tll 1 .‘Ll's^-a. 

G. 01 » i (jjjLijj-dl < j_i_iJI (jx. JV at miL >"J aLa 

H. Lorentz ^jLllj-fJI ^Lj^jJJIj .Fitzgerald (1901-1851) 

Fitzgerald- - Jl oM-joaJI a 1a ou^j (1928-1853) 

al-Mit-a II .-.I -dj" aVI aIa j xa j j_A ^j-il *i ,Ai i tl jl jjtSJ .Lorentz contraction 

p- e- * p ^ 

4 . 1 '.i 'd I j?jLu cul^ Lfjl 4 x.I_)1sG .^jloij (_^LluI (_j- 1 x u ^>L l 

• (jL^ll j 

LT^JJ- 0 -^ ( 3 -a. Gl . o y! jj-^U (jj^f tjjl 't . M i u l jJ.ll 

J\— - .-?■} ^ ill t I ill I fi J J C t l . m l i-S .r^a jJI — > i - Lj) ^ a Ij-iLL 

jj V JjL^-ll ^..a 'i 4.a l~ -> o clfcj 4mj ~* * c^3JI hi all 

5 J-cLi jr ■% 'it jj) J)_o I<uln Ij LLJl j VI j-Ll I Ij. ajJ \j '.j F . 

J^jJLl Uj j .I 4 J <uJH I a La Ij ^ > a Jj I a l~ ^11 1-^1 ill all jV <4 aI m-oJG 4 a I » t « 11 

i^j •‘ l Lsj CxSJ^-^ c 5 ^ aUiVLjj Lfj ^ylll Lc^-uJI ^fJI 

fV' 1 ^ at ^ 4j4-> I I ^I t mi\ »Ij « — fi!»lL>JI uM ‘J , '\ | *iN t j-° 

jjVI (j * '■■ a II ^Jx /j i * ~.i jl :L^sl£ j a i .1 f-LUJI '. 4 I**i a i ^jx 




Li_S j jJi j_aJI 4_aS jJI Cj-SjJI j <j Ja 5 i II JjX >..\ A I I JX-l ■-■» ° 

(jjlj-ijjl .aS j .event tiljj-iaJI (^Liill I jj& ^ n i n~> j ■ ^ ^ ~>1 >~1 & » « I 

(jx. ^JajJI jJLIj 4 . 1 r J) i~! I J-*J ijjXjisJI (( jjJLLo^UI)) ^)| 

e e . * 

j uXa .^»l a II lj_A . j » aj^a. interval J i/*>t 4 II <a (j " f.^—m 

^(_>oLi. ^-1 in « 1 j.u i a i Lai) distance <Lal m a H 4 U ml (jl i _ a . l l ^.s (j > I <«-< 4 \ a 

i_S^jlj '^*-1 ■■■ ail " a j <1 ... » a > Lai) time (jjjJI ‘Ua,.. Jj_i (jLojJI (jxL^aij-o j 

2 (tiL^J!) - 2 (Cy>J XC ) = 2 (J-^tUIJ 

" y i 1 *\ LaJj . Li-il La Laj ‘ j ^,_}J1 J jl ia II ^jii ft i (Jl aJUlujL <L$I iii nil ■ «<■<-»• * Jit xa» 

0 i 

^ ~ II 4 al . . ■ * II (j_c jJLaol (j ■ *i ' I 4. > -,1^.11 £-2lj-aJI £j _»- 1 1 (j in i 4~ (_jLlJI 4_sLui_aJI 

J » jj 'L ' II (j_l_l jj-O jJI j ' - (jl 1 * ^ 1 a /d ... Q . jJS, j i^aLflJ) (jij ‘L> I (J .LLLXfll 

~'l ^ K 1 J , 2 ^4il mall) — 2 ^(jjjJI XC ) 3^1 4 a it ^Ic. Jal 9 -k 1 1 dilj j <1 i A tl 
lia Ji 4_m_L3_> (j^jJI • (jJI 4.i mjJLl <Gx_)_uj (ja Uaj| (j-ojjl ^-Lia,i 

a r j 1 1 1 *: il ipfOper time ^a*in 

<LlAjI <CjLLs (dLJI 4 i au ILt ill j-aJj 1 ij ' j i*h~i ~' t*\ LoJ j ■ t _yal a. II ~> 1 U >1 

.(_^oLiJI liixaj jj -0 dajl ^,'5~ I ^.‘vaj jjl ji~i»~ 

< V jl < 8 .(jl< a II j ^jLajll Lj^ljjV 4-ijjja. m~i J ^-IjILsI . . 1 1 !a~\ i 

(j-* yjli-aljJI 0*J j»Ji J^iLiJI ^aljjJI 

6 jjl ^ a 1 j .^li-alj)^ (jl (j I a lL-L-a jlisl 

ji.il .jJLa 1 00 L^-ljJo ^jl i 4-tM i/~t a 4 *' i i iii jj-S J j_a.^j_a tlLil ( _^<a^.~L.a..*i .1 

4.‘t > tail II J_2 < _j_o la^Vl Ul J 1 000 000 000 4 Xj_loj jj[ % ~i~ 

38 jljJLaj ':'. I /t-C. LaJfc Xa.1 ^j^LuaxLa 1 « p ’■ ‘ Xa.1 j *4.Ljj(_o 4 U. -v I , ^ 4 .“J , Ai t 


J^JaJI Jjl lj| f^Lalll LaAj ‘ J 1 <^.Laa l \ m l (8) 

speed ia ^**JI ili^t *. t 1 [ (Lc^ j ■ . i —1 J x jJ^iaJl jjb 4 mjfl l ^jJI (JjJaJl itL ^ *1 f JGngth 

^Lua 60 \-lu I 1 00 itj.nuj .pj; ic.j_ujJ >— flr.l <Aa ) L^-lc. l^_UL-o ^J| <Lfc mjJL» allUc. j_au 

(2jj^ jjl aij V IJU 100 ^_fl p j -w >> 1 , any, ^<£.j_uJI — 1 J ^Li t (<tLcJ! 

.CjLiiil tjaH frlj^y 6 ^2k.'i_uxO l^_J J± UU LT*^ ^-C-J-axJLj ^jl ^Jl <^.L^JI LoLaj ^ IOJ 




0 

IjJ . jtLaljlLa La^jV ( jj.M,il »ftH) Jij-a. jjj j^jJI Jl .Ja£j Ijla 

C >->1 .1 jAa 38 <<(_iii_LSi ^jJI ^_it5Lft II J i/*i\ k II 9 i jJb 1 a j t I ) J-uaUJI jU 

J 

(J I«*>1 4 It jjL» 9 |kA j-a J < 1 00 d 1 M .A. a H i‘|Vt i j ,u ,J Jo jl i_SjJLj 

(jJj .1 j-i-to jjj a J V j j\ wJI jjj Cij| 4- f <i j . aTt jjajJI uM <** «■■<*» 

* 

V ciljLi <IjL^,~'^Ij 1 d , ~,i *; jj< n 0.31 j mljj j_a jJI ^1 jJssj djLi .d-aALa. II 

j^Xual J jAaj V jl^ < (^ 4 ~ -v I j^sl jjJI jaj^- 4 -o 4 jjB JJJ-o (jl . jilaljAa jJlaJI j i~i * ~ 

A \K Aj) . <j-al jl et II Jjl«La.V I JjjaJl ^Jx. t ° &H * jl 4 <Jri~ ua d n ,..\ d dj ^ < jLe J4j 

. jjlilo-dl jLajJI j jKaU jjjjj j4i ( ^ .AVi lj Jj jis <<_sj»-1 SjL*JJ 

4 \ -m IjJ . jLajJlj jKd II ^Lajjl (_j-A SjjLuJI jliLs^U 4-ajlA 11 d-3L -J j-a_ll 
La ' d , '~'J) L. > ... i~ w? ;'jJ a ^ xLui Lafij .interval J^UJI S jLx. £LAul_> V jl 

<d_i_i j 'i H _ d » II a .t. II J d_i_l_)JLll _ <ua j-AJI .CiL.ll i,4 II J » ■>- dJo^Jjj jjj j ‘i II jj_i 

^ <* ^ 

J» ^ I jUjJlj jK a II a . ,li i .i.u i~i « ■ U~ , . . \ (Lusul <Lljli .Cjldajl (j ■ ■ a *> i (_j jjaJj 

j^sjJI ciLujLki jx. j > i«~ I I jl~ A. ‘i ... LaU ..~il.\-s.jll (jiiiV i jlioJIj jlcjJI .~ t mljft 
i pkij jdl iiUu^Jl (_ s _* j .meters of light travel «* j_^JI 4.U. j jU-aL.)) 

(_j_& (1 S) S A_a.j 4_i_jLj uM I . \ *\ A j ,C ) d .j .A. j jl. i j_ejj| dLlj Lf —S e-j) i«~> II 

<S.L-Jj d_ijLj (^_fi p J . A I I I o % Ua i (^1 d al ... a II aj-4 jV .^La^J-a^ 300 000 
30 jl <d_^jLjj)*s 30) 10 X 3 a^j-sLS-a «j-ajjl j-a (1m) iAaa.lj jj jkA 

if 

c-ijic, (jJI jJajj I a \ ~, p.j ,<_i,l lU-JI Caljp^^l (_j-S ^dajlAJI jj jjj Ij^tll (_j-S Idja. 

300 000 (jJI l.i/i >1 ^ xAuj d^Ii jl (jj ^Aj cJjj <xLiJj (^jljAll 

J^aliJI . a . j i " Ja . d *.^ I .j j Va II j^j^ui j ■ < '* I <iA^La >..La. I A A -j* aj I i*C 

: Oj^J 

~ 2 (Cy>J) = 2 (J-^liJI) 


-t-> i.i ) L(lLlO ( /v » 


4- ^.1 .All X C) ^ya wiojJLj a •% ir> <40 Ia1!Lo 1 aoLoJ 

jl Jc dJjj < 2 (^IAJI ^1) + 2 (JjVI tLiJI) Jl 2 (JLSJI tLAJI) 

. jLLoV L i JjVI ^LussjS ^J-».I ...» ^aAAj 




1 ~i f . ^Jljl <Lfll_ucoJI 6J-C.L3 I .a SI i ,lj_a. <Lal-A d U a . (jVI ■ ' j j ' ■ " 

|\ inn" (j.SLa.1 “Clj ‘ JjlxII JA£1\ pLAaJI (_jJ! 4 > \ (j II (j/~>-v l~ 4j-Ajj-o 

interval (J-pol.ii.il (jjLLijjl Sjjs. 13 (jLs ‘j-£\ LajL*-jI jjc ol pi ..a a ^Jc 4j-A^>j-aJI 

e* ft sss 

jl*-iVI t-Oj-aC Lx_il_) lula -1 (jajJI jLiicI (_gjjj-<All (ja (jl Sjiu 
H. Minkowski (1909- (j5L.i. a j.’s.’i-a (jl_oj_i.A <Lk-^.V-« J-^i j-a Ij-Aj .pL A-L LI 
jjj <ldcLuai oSfl (j-p I-® (j-it (_yj-llj <1907 j».Lc. 1 j 1864) 

-laiLa-j (jJj <(j-Jl_iA. Jjpa_o Vj-?v" 1 I (jl <6.Aa.J (jLoj^lj <6Jaxj (j K n 1 1 

(jt’s.a II j (jLojJl jl -%-~il (j| .1 a (j i \ jLa_iVI (j-o (SJ - dtu j I 4~ j <J 4 (_y-lc 

.spacetime hi (j^l ^ ...j 


* 

<jL*_>V1 (^x-Lij u^°jj jLa_iVI (jx.Lij pi lAi (j-u Ia.L-»-'i Vi Liilc-j Ij-A 

0' g 

t SjcliJL (jJqjlj 4 - pLaaJI (^s distance <Lil_upcJli : I , la. (jl~iil~->^ I r> pujIa 

interval J_-oliJI jj& j <4 _ (jl£_«jJI ^ Lp jJa". J \ ^ <+ x 2 + y 2 +z 2 

_ pLAiil (jl J^Li (joJ .t 2 - x 2 - y 2 - z 2 <t 2 -(x 2 - y 2 -z 2 ) SjcUJL 

<-a-m- JLa metric siQnetures ^ j >“< ^ * 4 _ 4 

<^ + ,+, + , + ^ ^ <LflLj-u-cJI 6 jIaC cJjt-JuVI l~> ft ^ 4 — pLuOlAU <-i^ A-ftJl 

^ 0 

^_Lc Jj) IL (jVl CJwld L CLJJ .( + , ", ", “) 4 - (jt^-ojJJ <-O^U£*jJI ^jl 

^Ij^fl j-A <JiVl ^ <(»JI >Aj-^ jx. <Ajj-aj 

<-aj 1 ^ 11 <.ft..t.n Jl ^_5 ^j^kVI CjIjL tiV I {j-c- < ft h •% ft II Sj_l^^JI SjLi^LI ^-il^-ftJI 

9 9 * ' 

(jl j_i V ^+, +, -, -j <jl ja./ii L^JLc- (jl •- V + (_,-4j .(jKojd-^ 

Kb ■(j i-v ijtli >p3 j 5 (jj^j (jl i_ o-j lj-A» (jli IjJ .(j^jd^ (jl-iJ«-» <J (j jii 

4-a— 3udl (_£j jL*_iV 1 (j-iuLa^Jl (jliajJl^ jL*-il LfJ oLjl^-oj 1 *1 tic, (jl^ 

t (j— ojjjl j-A JjVI (jl Sj -Zu L co ejjJLj (jl LlllkLaL i,a <^ + , ", -, -J n II 

Ijl Lo ^Sll (^u!_ujVI ^-A lj_A^ .8 (^_s j ,<l jLx_i| L^J oLtl r> oj LjJ_>l_s 

(_y > » ~> . 1 1 (J— 1^-fiJI Ij-A (JV^J .LjLoj ^,1 1 — 111 *\.a < 1 al .AVI jL*_j^l (j_o J-adj (jl-^ 
.^+, “, -j ^j-A <j_)ILaJI <G^_uaj (5 HI j .jL»j| <J (_j jJI illlj (jKajJLi 


(jJiJI <(jK-pjJl 4 — ixjj_i_A (jl . i iijJLcVI (j. I r 



0 

<dJj LuijiA LU-il^.,,1 ^x^al Minkowskian geometry 

<jt£J jj£. 1^-S^lLa.lj L^iLo-m (^£, ^LlUuLj dljjjj-iAi “LiJljJI Cillxrx^LaJI (jLs 

0 <* ^ ^ 

dJ 1 0 li IjJ t Ia^V 6 La < u_4-uLuj| c.i 4 ml La muu ^_iJ1 ajLoJI .4 < <<4-> 

I j-A ^_a j4^ q*> I Li dlHSui ,<i1jj i 4a a 1 a*> ^La <Lo 4flj^o L^_j1 

is* 

1 A^ S iLi_»L_tjj 1$ i I <a,t i .mi ^-aJI Slj^H A a t ntl m < pi \ in^f I ^j_a ^^jJl 

jIjlj'VI ^x.LajJI fcl < A q II £>£, 4 i A aLc. S^ia ^_Lc Jj? ^ 31 I *i x Lj_l^.^ 

J "V 1 ^.willll UaJ LxA (jSLaa. 1I <jljLiVI JJJlJ jalll SjLijJI 

.jIajVI (j-o JJju pJjJLj dJjj fjLauiVI Q 


L>* 


Jjj-fl-il ^jL^VI ^1 J-XaJI a 11 J-»-o P^ -«tt 1 V 

Li-Eld l *> 1 **• L> A a +. ^LcJI 4 ajUXaJL> 1 A(j if. J.1JL1 La£) ^^JIj (jKaII 

^jl dLlj ^Jl * aLtA-i .^jLojJJ ^^1^ 1 1 jjlj c{2 _ d^-O) jla_JI ^jLIj d^-0 

*> !* H > 

Jjj ^_Lc (Jj-J 4_i_fl fixia i U ^ “ ■ j > <Jojaj AJ 2 — 

i lit^ll <LflJjLL-A CiIjLlu-o J< 4U 11 ^a Ja^-U-nJl J .^5”9 < 7t 1 1^ (jLojJI ^_Lc 

«5 t? . 

-L» ^ .world Iin6s ^JLxJI -L*^ U ^ ^Js nitjCu La' a u>i ^j_ilJI <jiJLxJI 

^j-o 4 In ft \ II (JmAj ^jlA i ^ uoa II ^jl (_^l ■ j a*i ima ^ t ju% ^-jjLj jJb {j-^J f I' c - 

ff «* / ^ ^ * 

' A \ 4 4 > n. JJJLj ^ i A..iJI JAJ M xla 1 A > jlJLc In .^j-O^JI jxJ-Lj ^-A 4 jKaJI 

^ 0 * 

(jl .^j-ojJI a~ I *‘ * " ‘ ' *lj -- ~ ' ^ i 4 1 1 -> II J-5j-o (jV <{j ' o i II pJaaJ ijJj ~ i 

^ ^ 

.a I I if j i , . i 1 ~i > a i i ’1 j "v ■ ■. I /> i ...->■ (JjLLj 45 Lajjj ”_j jly_) (J i n > .ijLs. l~i 

tf _ * * 

^yXk IfJ)-?- 30^ P-j- caJI <lLvj ^-oj 1 ^-“ J-I_0 iiLui-<JI IjJ-o 

i 

<j^u £^j-uj\ Jo.aJI Ijui Jj-ajj .(<jjjJijJI olci^jJLj < >jl i II (j-° 

✓ s 

Vj ‘f-J <-<aJI <X.J_LJJ jLc.J_l.4l t 4^J^J1 <J_44JJJ itll J JJ^4.J V ; -4 I " ‘ -4. H 

.(cilj jjjill Jio) d V ^pjl CjLi .M-. 11 VI <C.j_tiJI *AA Ct^ o 1 (j^" 0 * 
cdj ~ 1 <■ I . . ■ -4 ^ 45 <_ijl j-1 (JjLcJI j III iVI JaiJI ^j_l_l ^ a" <_i$_a_<JI jx.1l »JI Uj t-- a. 
1*1 >AJ lilj-aJLi j! 1 111 45 <Jjljj (JjLaJI J^-cuVI l-i ~x II j j^pj-uaJI <Lfcj m.i Ijl in I 

. ^ p jjuaJI <c J-OUJ 


jjLojJJ J_^xl jj ^jl *S a I 1 jl -V J - 1 1 1 <4i 1 ~i <3 — jl ^ < 1 jjl (_jJI jVI (J, 4*i.\ 1 111 




yd UU a 1 1 ^-o (_£dJl Ja^iJI < <ia 1 -i-u-t-i ^..i-.m.rkJ ^JLaJI Ja^. .5”9 ^J ^ jii l l 

tj > v \ j .y. jui]j 4-oJLc l-> ^jLfi ^ £-~° y-2 J-li-J *G[ .Ij ML-A l-a j 4 41 jLuajJI 

£_o Li_LAJ Jjtl > * <JLi J-O IjJ t t\\ 1 1 A a Ir>~ \ c, di \ I I a j J \ yd JaJa^-oJI 

-L»jL yA \UU^ aII yd ‘La.j J 45 l J ; i_<kj yl}\ Ja^^JaaJ 1 . a j 1 1 | ^jjl A-dVc. Ja^. 

t- y iti I V .fr^uA-ll A 1 -wj L>-°j c)- 0 (jr® I *44 II 4-j^ a j <P^_-naJI ^JLc 

a J-A J&L ^Jlx. iaaJ ^Lfi IjJ < ^r> 1 1 ^ > <uij 

6^ Ixj - 6 . i .‘ - '* ' ^ - a cr® ^b^-d-N cr® 'j-=“- f .' " ■ ? J l di^fj ‘(6-9 J^-iJI) 

1 ■ ~ 1 Jj . ^ : ' Jj^o i: - ^_j_juI j i ■»< * 1 1 ■ ai _) y -^- J ^ J-C. 1)1,1 . Jj-a^JI — (£^J_tu^JI 

I j_A ^ * 1,1 > . 4_^.jJ 45 <Gjjld 1 a .-^‘i ^ jJI -Uj j ^ II J j ^ . A a~ 4 ‘X a a I I ^ || a || UjU-^ 

x _ ^ ' 9 

jiJlx ioj-La-a. Jj}/ Cj. ■>.->■ 1 I light-COn© Jj-j^-x<iJI Jo jj a. <\ II Jojj -v ■«_!! 

Jj_icaj Lt -. \ n ij . Jta-ijl A-aJI tdlj lu ^lfc £Jij «Lc._j-uaj jiml (_£ jJI ‘f- J) -».«*» II 

^ 1 r oULaJ « Jj Li a j-A I Jj^J^JI jjyju j ■^ , “ > i I <1 ' 4 U~a i Jj^ Ijjj c j . .--•. 1 1 <j^jj|j 4 .A ,*i 

id + 

,<LflJlL^-o ^jLajL» j)-u^ll «LaLt-Q <^j)" m o II 

(j-o jL*_»VI ^^-cL>j j t *N ^ 11 I n I f . ^4— ^jLi-ojJI (J-flJLia LgJL^j 

** ^ 

<1^ 1 ^| ?k a 11 ^_lC ^t-!»lj_*iJl , jli i ^ ^ jT\ .ij "'h n II 

jj cl la -vl (j| >(^1 a. ^>VI < <nt i jLiiilljl jLsljVI *0^ 

s * ^ ^ x 

cilj Lj_» (Ji-ol <JLjj-1o iij-a-o d>lj 

Cil ■< Aj , ‘> U Ljjd-JI JXi J)U <lLaJI J; .i / i -k I j - jj^ll S_>£JI 

lLa. j ^ I -t I d^-j La J?Z jJb 9 JijiJI ( jj_i‘iL , Va JjjJJU 





Jo-i. £-3_> r jp mi n ^.Lc. ^ul ma, tlJj-k'i > <j1 <J-fl ^Lqj < JjlJ) ^alaaJl s\ lAflJi iJ S .6“9 it ill 

t^x j-ocJI Jojj-% all jJx A Jojj^k nil (JS> >ult ijJi (jO-iaJI Jojj^ oil La £jl$la ^JlaJI 

c a.l) £jLk, fjlc Jo^io^J J v 5-^» ^ V .£-jj-aJl (j-a lj_u \.i ^JLc. Jo^L> ^ 

" ^ - /t 

. 1^_j !Xa 


A (jj7tjTW.ll <^lj-0 <^1 Vl> I .(J tik l/T ^Jl Jjl J^W^I ^J.^11 ^ AM flj 

<A “Lxulj t_£ jJl (j-j j <A JI -Ljj.-s.-a.il ja-o ^_5 j B (jLS LoJ .7-9 JSLjJI B j 

^-£ jj-aLlU j (Jl a (j-oj J Aj B ^Jl Jj_aojJl A ^j-o — k-A 1 JiJl cJjLii^U ^ j \ a n 1 1 
Jj-LaJ! jjlJLjJI A ' l ^s II n i V -C j A (jj-1-LaJl j J-i'i t . l ‘<jVlj .B 
V IjJ (A ( j-i <— ujIj (^ill jjJi J —tsJl Jajj-^-aJl ^ jLi. <L»_slj 5_LaJLi c jV <c ^ 
g- j - ^ j) B J A j| J>£Aj .<-ii Jj 'it 'i II C (jJ Jj_ueajJl A jj-o SjL (i«V fi i 
(ja » A l 1 ■ ■— » « U ,- J 1 ^ < . 1 J f. J ^yjjj^aJI Jajj -»■ n II j n i A ‘t-S-slj-1! JaLijJI 

(_5j_a.Vl l-La \ II £_j_a_2wj^ C j A j^jSLj V 3 * — jj-s <causally r6lat6d 1 » * > "■ 

^1 JJ3 <* ‘ ‘ < "■ II jl Ljj^jj 3 ,i JM J-SJ ■>*! ! ^^y^j-iA.11 Jg JJ -s- n II JfjLi. Ot-sljJI 

j i"t aLvi.fl ^1^ jl^-ajjl ^-■‘■ LL ^-' jjgj-iA " Jajj -s— n II jj£ «Laji^ jLi IjJ <|S Lx II SLlo. 

4jaA 4jlJL» ^ Q * Q-*- 1 ujLdUi jj^JLu 1 ^ i Jek.u^o j ' c jl JolAJ^-q <jjl J^VI i> 

*» <f 

t^yj^Lj (_£>s ^ <JIxaJI J u dm ^ ILat 1 1 I \ a 

Jl Joj^> -v -a Jl ^ — m j .7-9 J^Lui Jl 




i > i L$ iaJU L_-^V1 

lj^-i .dlJa^ o **j *\ vlila^lj < Lua tu 
w vi>la-*.1 ^ J A J * ^ vi>jL^. 

^ <B Jt»a ^ II l Ji-o M - 1 ° j^> >> 'ftJI a 

,C OlSI^JI <*.!■ wVI ^Jllll 4 a Mi (J uaJ (j^J 

C <l*d ~>. II |JJi_o <^JS j oA II ]o jj_i— oJI 
.C A jj-® JU^jVl SjLiV ^ 4 jV 


j-iaLa <J (2x3^ J A ) loLoJI Jl^VI ^-la iXJ jJlaSi 

^j_LliVI ^ ^ ll ajj Sj <Al a J-S (j£j-ll <C 

0 

. ( j^jVI 1 \\X \ ^a.?i uaS ^_lc ^jlSJI 


jjjj IjtLj-tt ■ ■ • j ^jjji l-i i j L ^._oJ I j l-^ j U ^ 11 /jV <L> -La. , jJ| Li jJU in L> jj_»j ji 

eLA a It ^yjL> ^ inj^jJI ^j-dl ^Jl l 3jU~i'i mj .^jUJI pI-iA all CiL_>-u~il -% (_gJ » <a 

^ m , w J£-£j IfA^i J j~> . -| ■.+.. _> (jjJ! «u^JI ^Ij < LJ i i * t ij^lo ^ajiiVI 

<J ^jJI <(jl^-ojJI (j~®3 . (j t~ l-> i *1 jLi Lm- o j-A |\j <~> <».fl II iaAJI tp\ lA.aJI 

* * 2 * * ^ ^ 

JaAJI Jjl a_>i-S Jjj-j L'uulx. {j \.x ~uj ( ^V - m < j ^*LdB < 1 - 141 ! \ '1 A j^_A <<LLjjJo <t„ui, i'l.A 

<-Jl~i.il <-ll 5 ljt-!lj {j-u (J-t^Li J^Jal i^aI^JJ j* 1 <~i m o II 

■ <U-o\l l 6 ^a ^ ^ Castor and Pollax jjj 

JjT. (j-o jIajj <-aJLc. JaA ^jl . CijJ I ,JLx J jjj^uK J jj i 4 -i~ j. I 

aJ^Ll-0 Jill I L yj^'J j-l .(jjj III> 11 j ■ 1-^ 1 jjl 6 J^Lu V If. ^jJI J^j-lj -it I » Jl vl Mii 

111 Lf-ll jj^ul^ (SJ^ * ^ j ^jS 6 j-JuLi-Xi J) 1 U I I j 1 ml^ <-14^.1 ,'-. . |7|» II 

c-l lAt 1 ^ ^~i.n Lm j ^ 1 000 000 000 <£.j_luj LjJ^lA. jiLuu 'jq ' t. 12 

j j,~» 1 1 il£ j^Lto dit I4JI J i<-i i ^jJI ijjAj^fl ^Jl^ jjjlj (interstellar 




.^ILoj) 1 8.8 t_y&)2 (_jLs i (jjlujj 1 n ifl j ml II ^ w I j II 

ijlj-i q-U J-uaUJI i_i ..i ^ tj <1 'M f. <ifi Jj)" 1 (J^ojuLlu i 

(jV <dJj Jil ^ .^Laj) I 3.30 ..t-~v- i-t <lL^.j £jL^_jj 

OjI^ j^jJI <1 >M ■ A A II «G jjjui II j^yo J’^aj j*J <j| ^Jl tjJaj «Li^J . j ij~i n V J ■ /->! 8.11 
IjJ <j^.l ^jlXo uS (jij j»J 4j| j i2*-> (jLa duJlj aUsJLo Lfctiil jj 

.tLukaJI V ‘tj-oj-ll jjj-o ^1 interval J .< -4 a I I 

4.6 jJ-jLft-i a ^ 4 A II <LLa.j (j-°3 (3-° j~-^ j I < I »j~ 3.30 li'JI olj^^Ji-rj 

Lfj j».U (_yjJI J imj ^jJI j»Jl a l l Ij~w jji -(8-9 JfLiJI) j $ i ti 

* ° 

J u~i<l JjlJLi J^Lua (_£uLi£. jjljjJ^U (jjjJJI (_J M.W II (jjj 


Id-1 jJ ‘ ( jj.~i-j.xjI$ j^Jlx. iajk (JjlJL c£^) n ( " -' 11 1 n i i -taA-ll 

s * * - ^ ^ 

tV* II ^juiU j) .<- 1 , L> UVI LjjjpX. J^Jol ^J-a^JI <Lo-juj^j jJI JauaJI 

A a .a^ II jj Jjial J-ual ji JjLSj ilj^-VI j-U <.a iVt <<i.a II Jo^l a . -% JI J I ~'~Jn -t. ^La 

jt * " r . 

^Jl ^1-1 AJ Lo> jjjt j .La J^r, yr \ -V .^> |jjfc , 6 >iSlt t aJI ^JX. oijL^Ji t> (o^'>a Jjtal 

.(jiijjial (J^a J a* II * ^ ^La Jala^ a 


*> ' _ 

bj-djUi IjJ : 4_j i,i Q.xjJI ( j_fl La_»Li J (JJoj .0-9 a t iJI 

.4 U11 II «ll l“i ^l^La jjJI jjLuu V < 4 - J m 

^ ji j r. Lo^ la jj±j (^jJ-ll j aJI interval J_i-aLflJI jjl 
U • 4 *1 ...^ ^!Lo J) i \*\ 3.30 <6j!iL^-a 

f^j-a 4,a aJLj 93 JjUlj <- Cj iii j 4-La.j ^ L U \ j <i L y*£')l^ 

8.8 J3ULA 4^Ua\ <— >A jj^ ( .A II ic._)_Lxi 

^ JJC yi U^jVl J^=fj ‘JJ^ ‘J^J^ 

(j] (ji <01 i^oj <j£j (J • J^Lla 

J-aUJI (jl (jJc. Jjl— Jiljj ‘>i-l (jli» 
3.3 L4JI iuli ^ij 

4.6 (jl j '" a_) (J^jlLjj 

■ 4jgA xujl 6J^a.^aJ1 <0^1 fl >aII till j ^jl J ' i tn La^ tjj tul 




8.8 




jjS (jl 1 (j " h -k X° I_u-V.l ,_jjJI <jJljJI 4 i-iVlII 

U* 0-«j-!l JJJ-& Mi\ n <jMJLLujI ( _ f JL> j j^lC 

y^S <ljJ < 4 \ ■< » i ^ 4 * >, l 4.6 VI 4-1 ■ < u < 4 .11 1 4 m 

, ^ I f ) ( If j < ( < * ^Jj,yJ| Llil^ 1 d '“V ^ "^v 1 1 1 ^ jljjJ 

<iik._)-o .^k-^aJI 4 i n ftl ^_A f-l-iA i II ^IfLa^JI < L<l j>i 4_aj 

^yJI (J-i^ajjJI I ‘i \5C.fl.j <<jljj^I jLa_iYI ^^At tlx3^ (jJ ‘Lo 

JL A * * x * 1 Li ^ II jVJjjg |VJ <jL»_>^l i jJLual Jit ^4 j .*■> 4~i ILi 4_Lyj_aJI dLlj 

y_s 1 xjl^q LS^jl 4^1 jaIjJ .analogy |<in ^ l-JI^ ^uLlLII 

p-I -tA i ^jLc. ■ ^ JUJI jJb Lo^j .^jLojjJJ <^1*^ 1 1 

J * j, * _ _ „ 

^ 1 r, ^£jJI 4_^j_ll ^j| .^9-9 UI 11^ OUj_a 6^-^^ 4 1 m uUL^ ft II I J-fl—Lfl <jLa_i^M 

LjjLc. Lkll^-a Ljj)1 jmj & ( c-LtA ft II ^ jjlj LiK ^JLj Ji-iiJI ^yfl A 

« ■** 10 *•< > ■ «> 

■ 4-Lu -a 4_la^aJ ^ JjjjJ ^j-O 4 In Jit \ \ ft Sf-V— a 4 _jL_» 4_i-fl -SUaJL-o jJaA. I y-fl 

IjuAj 4^L» 4_Lfl ^*\c : ( J^V O-S^ yfl a 11 ^-A B v ^ 1 a ft 11 4 j^.^JI^ 

ui ^rJL ^Jjla II 4-^jJI .olluJI (jg-& 4_j|^ iAxj 3 jjJI Sf-^Lo 

(jjjJI ^J-A ^y-Lc. LLLlJI ^_i_A-2kJ 4 1 <nlj ^JLr. -U ^.la..-^ ^j»o O C 

** 

(_^j-^VI 4_L-uj 1^JI 6^-a.^JI (J-& f^A <^^JI J^.1^ 4 1^1 m II 

Sp-V— clJ (_^ s- )-ah.VI 4_»V— iJI u- (j- 0 lr>l \ I 4j 4 <i1^ ^-JI^_C. Jo J) 1^ ^ C-U> 

y_Lc y^i-H ^ljji.VI £\&y 4_3LjjVI 4_i_uj| jJI (j-ajL-ll 

(jl ^A-ilJ .Ull Ull^J ylJI jn II (JjlijJI JV-^. (3js>^^ Sp^Lo 

(jj^JI 6P-V-0 (ijlj^JI y_fl .(jjl \\ ij J-3LJ jLlu-aJI 4_5jJ y_l_C cjXj 4 I ft *l 


<»— lj_4 ^J1 <twin paradox «jklyj.ll ^ ^ ^ IK i^> ^ ^\ (9) 

ySl Cj I a ! , i JjLj it. II Cila i<i t JjftJ >_ fl J jla. i (j! (jjjLlJl 

yill jVt ^-^-i a nit u * > <_^_i_iJ l x> j if. < jJ5 u tf jJI ^^Lcu_*Jly deceleration yJaLiUJI 

• J Jji. » {J^ uM II jlivi (J1 j’l Ljkj . L^Jlo ^ linil 







A 



. I j U , j jwi ,J<^,H 4 1 tU“ tun j-li JJ Lr lc. J$A Lr lc- ^ . AaS <lftj . 9-9 J^ Ul l l 

iV> Lojilc ^ic Caj>*^- 1 4Jla1)1 jjV <pJjJI £jLa (A) 3 _ ctx'Sk.A.U ^li <<J1 

<(B) i$S* cr^ ^®ix» l^jLfl j_o <iJLoa <IajJI j a J cj-aj Sp^IaJI 

j 

^j-a ^-mj_jV! iwi^kJ) 4..1 a iJI <jl J_» V <La 4.U^ 1 *3 - u a 11 (2>-o (jfj-L*-l) 

/ / 

.(C) 3 — uA^aJJ ^aI^aJI JoJ <laiu £-A jaJI <iitj ^vla_» (jAoj (Sp^LoJI 


. 1 ^ .a lie i^-v a ^1 <n i II ^j-o 4 1 a\1I l-jj3 .UJ l ill ^ {S3 % ‘ 

jjl dLlj jjlj i \ I .cJLlA ^Joj <t.UVi (jl IjJ ‘j no Vt L^il 

** ** «< ^ 

<jVl L$ aJLc laJfc. (j[ .cJlj-A ^-8 tjj SpjLoJI In in^j j^j-S I g < i O (jX. i—Ls^lj 4_LajJI 

(jja J^aJI (jl J oe V . B 4^. jJI ^lc. 4j&5j j () In" jjkl JjjLiJ £> jll) .Aajj ‘^f- LL ‘^ J 

■VtvI ^ lc~- Lfi ^jl*La ) jS <JaJjjj ^LSj <JaSj^ Bj |^4_iic. JaSj A in.fi II 

^ k.nn I i V 4_j| I tln^ i .til 1 ^ C ^_Lc *<JL=JI i j.. A ^_8 j fi .i n il^i! CjLjj) \ i n <n II 

Sp3C6- ajKJL t j-i^_u_iiJl)> u48^l (j-i-ij ~ ... u- A .il (j j i ,Jjj — aJLs V Aa.jj 

4 (j '< Mill)) 4 1 mljJl ciL j)~k-Mi a H l yx> -l^s-lj 0 -k kii..tn>-.» (jl i.j^ i .B j Ilk© A 

.(<l*ill C time-like (((jLajJL) 


(jjJOJ Lo cILAj .jLaj^l ^^X-Ljil jjl^ojJI ^yJI J-iij J (4 |'S» II laiojji.1 ^Vl CuVu. 



# 0 

jl_au»VLj LaLoj 4 * * Ju jLjlj^M ^jl A $ \ ‘L-y, > ^L-h-a” :<UJjJL» <lLlC. t*l Ac. 

< <n ^ ^-4 ^ (jAl aj mi ^j^j^JI cjIp^Lq^ 4 > >1^ ft II -ujla-II t 4 _j^Ul1! 

. k u>U (£jJI J-ajJI (3^ (^j^Lla-u^aj 

** ^ * ** - ** \ * / 

3 “ oLlA^-O 5-ljLcU £jXi 4 — (_!■*■ (jli tflliljj 

OiJ *3 CjLaA^aII 6(_i-A ^j-Q ^jl-3 <^jl5LflZ^JI .^4” 9 u lII ^Jl 

jLajVI j^LLLo ^jLLaI^jj <LaLoj ^LajI^o La jb <Y j X 1 i-ag \ II 

>-lL"k <10-9 11^ ^-ji \ II J - 4-l A . Lft - Tk L flj-C _ ^1 ^ A I I 



3 - e\ jjflj 1 c\ l*i ft l—o La.~> jU-iVI 4-jj^Ij 4 J ■»_»*< £k_»jLj 4 _ *> />-i.x~> .1 0“ 9 AJI 


J * f 4 j 1 ^V1 <£jQJ! <X <3 - rt II ...\ x \ li <_aj1_1j Jjjj Sp^Lo J £*-»jL^ 

<<] i Aj-k \ <Y <3 _ (— 1 «*\ a!) <ifll^j_oJI I \ a lj| ( <LAj.fi j tixjj .pLlu^ 7.00 <X.LJ1 


Lo jl^.Ul 1 i W o t a <^LJI a U iitj 


•j tiV ' .! Lf U-J lj ,>« (_>Jj 


<cLuJI .l\f. jjkJ^xu A Ut -v. 1 > j| .^Lo^Jtj A \ t m II Z «_j-K^aJl ^1 jj) ^J| 4 _JlZLo 4 lr> ml^J tllLiA ■ *•«■*->- > 

> 9 ‘*..*** * ' 

^9 <1»S > \ 4_k*i1j ^J5^-o ^Lxj IjJ <<^^Jull pLjjI ^^J-txcoJl jj-ic. ^J * m_> ^^-Lkj pLtu-O 7.10 

^IjIjVI ^jja-ojJI ifl jiJl m jjfc iojioJI .^JjliaJI 




(Jjlij l^a.l’j a I al n" (^La JL^. j_aujl (J i nn 9~i i aAjl^j L^_^j_aut_au f jH Jl Jjl J ^Vl 

e 9 9 

(jjkaj (_yA 4-J 4_i-t ~dl (jjj^JI ap^La jLjljVI (^yJ^LUl (jlkajJI B j A (jjjjj-ujtaJI 
.Sp 3 C 6 -lik 6 ({^jt^-aJLj 4 j m /ti» L$_jL> 4_»jLjlJI oliA^cJI 6 iXA 

o v— L$ \m jU 4 un 11 3 — oLut^LoJI 4 > a A| ^_A Lo 

•* ^ t>> 0 ^ 

jjuJI ^yjLij <La. ^ ij^ f_j£ Jj.'i ~*-> U £_>jlj l~i l^dLi I aJ ((jlejJLI jjlj j (2) * 1 *'^ a 

» * 

•i3a-^ Sp!iLo <jLa. ^ dja^. Lo C (ji-i-wl Ia l*i a LoLaj i^.t > In. II Jjj '"> .— II 
<1 ^.~> > Aft i j .time-like «(jLajJL> 4 ^.,> > l_^_jt_i o' n's.n II aaA - a ^'i 

(jl J^Aj .(jVI l-fl-'-® cdi (j-t-ll <aja-1I (Jjaj (jl£_<JLj < 1 1 iii II 1 1 (jl (_)^)~i.9^ jm 

Otl-kJ I A '~- f j . f jLi X (jKJL 4 1 1 i t( !l II (jLa 111 0-1 Id <<ijjLil (J a. Jj 

2 * ~ ^ ^ ^ 0 ^ 

^y-4 j^Jkj dJ 4-loA i ■> lx i 4. In 8 1 (jLfi IjJ tjloaJI Lilj O ^a.k (4AjjiJI 

jd j_a 4-LJLJ1 (J*i n~ J-i j jllLa f X i • **s a II J j's \ I j ((jLojJLj 4 > t di II (jdJLoJI n II 

>-L» (jl ' n- *■ ■ ■ j 8 da j (J^Lk <(3^V paj (_^a 4ajaJI I *i.un-d ld_$ .^dtM 

JylA <3 _ (jl£*j (^S JlaJI jA Lad j .(jKdL <Lij_iSJ| Y I_i»^.all f j£ jvia-a 

<1~ mil oL>fLdl (j-o a^l ^ (J^i-lj iJjLSj (jl — 1 Y j X (j _i \t*\ a I I (jxi jja 

.ifljiJI dJ^ka (jlojj (jt£* (j-lc dj-t-i ^ 5j-ia.VI 4 l-i a >11 A-kj-a Lol :^^a.VI 

✓ J & 

^ dlcl (jl J jl tUa aajj) ~l— <.!■ LJ daljAilj <-i n . s l. Vn I I a j-A (j^ajdJjJ 

^ jl J 5 

4 ftl-ika ^ l~*^ II jl <5UoJI (jt ■**■ 'n.~ll Loaiii .UjIs (^-Lc. I jja yn j ^jiajJI 

J 

l~*^ II «i ' K II «LsUaJI .Sj^j-uaJl aaA |\ i a a~ ^jlc. (jjjjLS (jj’sVni 4 tpl ■<-> a II (j-o 

jjjs 4 all Vo ^A 4 i K II 4 a l U I I (j » m X i.'j^al) ^A ^E=mC 4A^L*JI ^A aAjl^JI 
4 a l-i > n II dJj (_jA <aUoJI (jjiLuj Y _.i 3>*\ a II 4 > K |l 4 aUcJIj (4jlajJI (^A pLukiJI 

(jLoJ^JL* j jj ' I . M II plot's .a II ^_S 4 i l*S II iaUoJI £ .(^. l-ot a OAj _^-a (jjij (jl J_*_> 
(jl i„i s. > j (4_>J j,A n— II Lfjlja^. (J^Lk. 4-4 ls.li a, II ((j_a jl t^jJI 4 aUqJI (j 8. ' ~t (J\a~ xu 
( j > Ijt5(-fi II ^_fi isUaJI 4.1 n*S (jjj ^^aJI <jA V a iiUaJJ ^ tl j/~i II ^AaaJI (jjl^-> 

.Y j X (jl^L (j^dJI 



jjl J-alj . lxs[£ <Jaj i o II 4 i il a jjl CjI t « *S n II (jVI Lo Lo_ij 

,jl (J^Sj . 4 _lS j JalilJI <.uitlj 4_»jj . il a t~> .1 hLj CjIJj 

i Q . <_j^sLkJi 4 w i m * t 1 1 4 ci til ^_Lc. dl*JJa| <jl Jj)1 L*-o 4_JLlJI 6j)U"k 11 

^_A^ i l fl. K pljj i A 11 6^jl_iX. j «til 1 LoLflJI 6j) Li ^ 11 6J-A ciLl 

6J_a Jf LlJ ua i ^ j 6j) In ^ II 6 j-A ^jl ^_> <c x <dl£JI 4-5LlaJI ^ ( E —me 

4^ in < Lx u\ \ iiij Ljj*\ - uxc^g Ljjl ^ z ^ CjLu^lLfllj <Lcl^qJI S^LxjlJI 

<tii_ l ^a_) (j-o^JI ,j£. Lfj J-J-a-J ^pjl Cjlj-i-jJI .^l^-o^JI 4 ..., A’i -fl 

JS s* 

A p i V*r.j) <lL* J L>^ Id^lj lj-x«a J-Ls-flbj pj) A^aJl <C=1 

. 11 4_ll<JI <_5L1 gJI " ^_A^ <1 U mmI 1 1 <4_i_fi J_fil 4 a * un ^>Ll <ii i A iJjLuo 

.<l&ilj iiLUII j^u ^ SjLxxjj 


lj-^-J I ill i cJ-i-UfiL ^Jl J vt i<£> JL fl X 1 dLu l f^yQ *1 A V 

ji 

interval J-^LLII ^>- lj ‘Ls^LxJI ^ji ^ ^ .S^-xiLo ^-jLIj JI ^ » *t mVI 

!^-A 4-aLuaaII^ 


2 (<J,L^J!) - 2 (^J) = 2 (J-^Lill) 


J_Jj_o ^j-lc ys 


a j_4 


SjLc. 1 J (j i m II 

~ w ‘i a nJ-^aLiJI 


2 (tiL*Jt) 


-(Cy>j») 


'(J^Lill) 


(J^aLill) 


(_$l <dl^ IJ.J) 4 !~i*\ II iti I ^ <4 1~'*\ 11 J_>j-a_i ! IJ id~i > I (ilLJj JJt-i 

>ia-i ,\\ lie. . (iS J i-ij^ftJI \ a . A , J jj bj'S'j «Lu a ' 


(HL^JI) 


(J^UJI) 


X 41SJI] - 2 [. 


(dy 3 ^) 


4 q! i.tall 


X = 2 (<G£JI) 


(J^UII) 




i 4_j jLaJI 6^1 \ x 1 4^jL!Lft J-ualiJI j *Lfil t ft .ft H Cx$^ '—' * ' “ \j 

w ^ # 

<(3 (J— 1^-> 4 11^ ^ la -a II ^Lsjj*ifl Lfi_)j_*_J LjLui-o Lfcj -III 1) ^^-4 4.1~i < \ II 1_JJ 

■5 £ 

aljl III a Jl (2^0 j— m -l^l ^y-4 j 4..11 1 V I J-a_ll (jl £-4 jj Lj-jL^aLl 8 

(^-4 J-^.ji (jJ .^LixiVI relativistic 4jj,ijii 1 xJ| ^jLulJI d a t l in I I 

^yjl J-uajLlIj <(j \aj <n-a. ^yjl ju-vT> jjSjSjJLi £-4 ^jjJI lid (j£J (ili^l ' «a4**t II 

jjj tr LxZ " J_^LLll/<iL^JI x ii^JI" ijUxU ilKJI 4^.o« J 
j-A <3 J-a^aJI ^4 Lj->lj La^ f C-L j. i-4 1 1 4jj^j_aJI Cilj i.* a -a.il J_a,| (jl .^jl .i<a~i IL) 

^ ~x ** 

»T»^1 ijjAi. (jlia[ ^C.^J 4 jI ^ i» 1 |jaa < « (j la -a. II ^LsjjVI JaL&^jl)) 

<JL». ^ ° * 1 ^ 1^ ]l ^LsjjVI jjLs ‘(j±* • ••y ^jLualj s'x-c- 5..V4 ». o 'I (j-o 


■ 1 ^jL„a ~> Jl CjVjLa-o i V j <^1 lj[ ‘?^L < .n-iJI (^_4 J^VI II j_A La (jii 
j ' ■«" (jjj LaqjI (JiaJ 11 (J-aaLsJI j jj-aJ^II X dij.LJI 4 t-a*\ll (jl J-a-j Ljjjj (j ui m-a. 

iP 

IAj-o <-ai .SjJL*_aJI 4_iJj-flJI iijliA_a.VI (j-a J i i*C _>jJ5 LiA 2 ». jJ 1 _ > -~i-'a. AjLua lj JI 
6 La d U. a a. a LSUaJI jjl (3 a I I (jL lialj La£ (f-LjjjLil j^.1 ^Ja f . 

. >a- ' 4j|j jLsLLaJlj (J aaLiJl / (_2_>-oJ>JI X 4.b< II /j_u <L4-il lnall i_,ca-» <GI S^4j 4 U. a. N a II 

Mil i.<alL SjjL.VI LbLxaJI LiLL 

2 2(^UjuYI) - 2 (<mji) = 2 fiC£/ri 


CjL ljLi I 'An 'I ^ j) . .. a 4 a l U I I J " (J^uaLiJI y/ (j-ojJI X d^jl" (j-i-> 4 9. 1 U- 1 a.ll Jjl 
CjLI »~L-S 1 .^jLual II L lA-it 4 ,h 4 '1 a <^L4jj*ill ^4 (JLaJI jJl La^ 

(jl^a II jl_i j a* II 1 ■ -v . I a I 1- ' a <G| j_A (J nil a .11 Sjl if <j 111 * ^j-lJI (SjLulJI a,j. A 

1 a j 4 ^ Xilll i_i.a> 1 Lilia. II j ^Jjl jJI ^LijjVI jjLs ^j-S (jljAi.^a ^LajJlj 

A II. l - dljj ■ La IjjL /jLJ _ 4 . It- j.LL -1 jjl j'l/u i l a. ~ V L-*l <3 c~ _? i ° j iL* 

^ jj ✓ 

aLfi Uij .L ...^-, ^pjl ,Lbi)| ^,1 .momentum energy ^liLiVI <1\L ^a jkJL 
<SjjiILa V ^LiLjAaJlj (j-ojil (j-° JaatiI ill i_LAii~».t 1 a l~i a ^LLljVlj LSUaJI (jA> LIjLjlaJI 




** p * 

i f j ■ . ■ " ,-lL Lll unl jJI ^ tArw 4 t-mi-IL J »»~~ 


V L$j1 j^-j 4-i unl % bjjbj 

• <10> Wf 6A>=Li 


jij i ii ,11 (j! i’ll .4 iM \ II 1 Yi-jy-u-i ^1 4t j-uij JliliVI (jVI 1 i i^ <i_i 

f -> 

(jL£ L<J -A. lJ-~»JI M ~*C~ LXJ^- j J-3 - ^-ILL*-!! LjUal j i~i -m-a 

— ^i.a l L.1 I) — -* ^ 4 l~< I I) 5 1 jl -m-aJI JjLii IjJ 4tLajjLa <lj iluu < *■ ... -v !1 

Jjl a j .7. 1 -...-' *-l"i" ...VI I ~. r, i XjS-^j < (<liUaJj ! — < 4_lj^JI 7 T i <-n~ ( «■ Lfi-liYI j 

fi S 

Jjl i Q 4 U -v\i n » 4 1 1 c. j n * ,4ji A-i aaiI L_»J^| Lo <4^UaJI 4.1 i5JI 
£__a \ V.^. t-A H d » < *.\ \ I Aj .7,1 > n 4 -V J 4 Lit \ A?i.xuVl SjLjJlJI 6ii-A 

6d-A J^-t-o^JLj Lll l.Jk.A.iui <pL>AJI JaLfl^lVI ch° 

(11) ^.-.-.u 


.(j-iHalX" o i al U II j 4 IvCII jl i~f.l ^yJI 4 i << j *i o 1 L*i~i inljj IjjjLi jJL! 

. ( _^x3 jj 4-ftlai.aJI dJj 4 l~i5i JjLi <4 ill*) a £jja 4 al Ull ojijoJ Ijl 4j| 7? I " i"i mVI lliJtj 
^Li (4 -lLoJiJI 4 — jll 4 a In i a II 4 1"*C ^Lj < 4-aJn-i-o ^i\ ijSUaJI CiS.SJj Ijlj 

J .4jjL*JI ^>.1 111-a.yi ^j-S 1 1 K 4 JL_a| n ) 4 l"*\ II ^_s Jj^sJI 
jij! 4^-jj I a j > f. ji.l^t^.1 i5v 1 0 I " i ~*n j_s j-o 4 a ij a 

" ~ fi 

^jaIo (j-o 50) 1 1 50 i~i.-i.iiiJ (jiK 1 000 Sjl^jiJI <L^.jj 

ol I II jjl . (12) (4^JUJ! i-il.al.lL) lllli 4 L ii. 's V (3->® 

(_j-a j ^subatomic ijjjJI ol «_i m -^ . 1 1 cil ij~ jl SaLtl jil ^1 ^1 pLLJI 

^ylJI d-L ‘CiLj^^j-lJlj oLj^j^jJI 


&1a .<£. j-j-uJI A- o JjIJjIIj 4 .a a *\ \ ^ > 6 jLoJI OjI^ <4_coL^JI 4 > \ m i.U ‘Lojjjiil ( 1 0^ 

Jjail a V LJlii jj!Uj 6 jLaJI j[ 4 (,]>* A^laj 

ijW 6^ IU lr>l 1 Jjt ta iii \ iAjI 1 rt - A jal-fl-a. tVI Jjl 6 (J ft II (11) 

4 j J. Conrad i ^ > ,*ajI . 4 , mj j^.Jl 4 _l11 j 0 ^ ~ cu<lJ 

p-ljjtl i*Uj ^_a ^ ijJjliiJL L^xfl v_a ^ jJI ~ Th© Secret Agent JaAxJI 

Jjj ~h 5jJ 540 oLt^| 4_jLfl CjI jj JlUj Ox. jjxj t » a .LiDj 

. 4 a >.\al l 




nuclear ^ » qj a II c aSIjaJI ^j.i% <«*> jja ^ L$ lLc. ^j \ 

O Q ^ ^ 

q a mi I j_A j a ^Jl Sjj slj_» L$ i a xaXl j 4 il^f. ^.a fission 

g* 

<Ll_sLL> 4 _op^Lo pi j all ml <j! Si ^lll ^_fl \ 11^ 

235 ^j-° oLal^c. j) 1 & 10 £ ts**\ \ Lodlc^ .SjjIjJI iSLLJI -Ji ^j-o ^ 

Ijjb^ i cjLoI^c 1 0 La^jJS j ln^ 5^1 <n^ ^JjLSj S^j ^ a II 4 aLU H <jLi <^LU ^Jl 

4 -Ml, \ lli 1 ?k 8 II L_i_H 30 4 ^ t \ > a II 4 aLU 11 p^_flli_> 

.<1aJ-p 4_IulS 


di-iLj pLxJI jjVI j-"ia J Ij-A La- 6 ^ in S 1 j!u a jJLI 

pLaJI ^Jl ^jVI JaLU mi .4A~l\il ol jLxJI 4 Kl < m (j- 0 ^ <All 4 -C-^_uj i^-txil—ujl 

4 tl ah 11 6J_4 LljIj) <Ji_i_iiaJJ J^-acI ^Jl dJdJj ^-^Lol C±jLj 

r / " . c . j» * 

L\ % cilj 4 i" \ L\* ^ <Sjl^aJJ ^l^JI p u -fll5L<JI llijA o -1 "^* *3 J <^qI1 

cJ jill lIk L lL. Ij) <g 1 dLii LjI^ .(dL-olljjj^jil! ^1 

(Jl 4.1 \V I . I ■ .■! ‘|A.I1 j2j_a .(jVlj iLoLa-J < ■ ' if- II ■> ^ 4't ill -\ *1 a . 4j —L m^l 

^jl~i iti'i il ,3^1 ^ J -|J I «—. a i! I *g ajAA. It ijJt Sj^ftJI 

0>L*JI <j.i-uijJI Lo , j-a£. ^ a .iili <^.cl <-)jl-i\ ^jJI 4 .< /-iL-~». II 4 j i m‘i II 3-° JliljjtJ 'A4fc 
Einstein's theory of ijjjUJI 3-»l ~> ‘ «*l I <1 J .general relativity 

»l~ *' 4 j_ 4“^ )) 4 Ul mu jl .gravitation 


i' £ ^ 

pl-^g.4.11 4-Lc.ta 0j2 jA UjmcI .4jjjLaJI 4 j_^1oj 

Lai JJ .^yjjlaJ! jl lal nil Cl jIjlII ^ m l ml Cii l *i ‘ jun .(jJLaJI 

4Jil G cj_>-^> J .i^il ^ £-o i t— ■ J-.I LVi ^ .ii ■% ^4_ijjL^^ ilLai Sji (jL^ j i ~i I 

■J.i-a jjJI (gj£j-a J jv-ui-^ i^yLA m-n.ll Labile. 4 jT ^x—LiaJI ^ 'mj j .^■.ii-vll 

* * 

6 _)-o ■ a fj 336 I ^ ~> L~>^ jjJI .(j" a mi II (<LujU) iltij 5^5 _,La .3 .1 >^l quit 


.' 2 15 -'fiZ. Vo- 11 x 6.673 ^ G J LJU <J^I t-Sll (13) 




^<LujL^ <Jl5i 5 ^5 Sj-o 336 £\*& 4_tiS ^j-o 

<c\ *j*i g jj ^ • * * < “ <ijx.i x^a (j*^n ^ 0^5 . < lxjIjHjVi oUi j^.yi ^a* ,> i v^i ^ v* i 

^jLi (J^-^JI (JLojuL-LuLi jjaxl 1L>^ / 4±£J1 <y. j^ju mA II 4_l*i5t 

1_^__>I <S^)-q ‘ 5 fj 336 » (^.ti-ft— tit .11 4 (j \ a i \ a 4.41 ^_a 

Ijt LOA JjLJIj 4 1"^ 11 £j£. ^jVI LjjJ£. Li^t (ji ‘S^J ) ' ^ 1 -48 

cdJjj <(2 hG-J! \ % \ ft ,-y I \ c , j \ \ * *i II U Jjj fl a .> (2)L^^5 fJ>UI CjI 

4 »aALi A -v ~ j ± t^ 4_a_iii_i * * i J 4 1 -< ^ i *v - I t jIac.VI *G f-— 3=JLf 

^j~j) ' *i eLuaj ya G /jA nl » 'I CjjLUI ' ' I. W Lij| 1 A i i Jr>~k^Lj J »-l > lr. j .' ^ l _]_Sl 
r j (1 c ^ *Lo ^ » aj <jj-A ^ 4 i i .M -s.^ <JUAJI (jl— > ^ ^ _9-J SjJkj < ^<Lxj jLa-LI^ <J1 till 
jJj t/s j 1 1*\ < i ml . ill <L>-tt-Al (_^l L$J jjV V aLijxaJI jd t-i i G (jlj <j_jla_tzaj3 

•fi 0 0 0 

(j-® V J-i 4 1-<l l ^jx. j xjjQD ^oLoljX jL^JI 4_jj^C Sj^.j Ijiajxl Lii^Laui 

Ujl jJ ^ \ i\ x\ > 4 U. M a ^ at,! (2>^ . ^^Ll-o a 11^ ^4 * * \ iU II a. w ^J| 

✓ * 

4J»1 ^_a <jliiSU J^lA. tiilLj i_>j a *> Vi »_ <^1 j <<» 1 1 Ij-a 

4_j_S l Q_i^^ J -v \ (J 4" \ \ LULfl <(J^iaJI <JVj-» CjLlaSJI ^ 2>^- l!L> 

jj^ n o II Lojj(j .<_iJjXaVI <_ujiil^JI jj- 0 4-ljill 

.‘GljLuxI i_ ijx jJ (jlllaVLi jj^jjjlal , iL. .<—» i 


* * * J 4 

LfljLu^ (2)-° 4 J 0 L 31 JI 4 \ l JH \ II Cj I in J-5J .J-cUuLl Ljj-cl^-iij /)-£. j a A \ III 
SLl^JI ^jB Lafi Ijl 11 0 iti ift H oLfijl— uxaJI \ >) £_£ \ ^ S^)j) g < n n 

I* ^ 1> 

Lot f^ljoJI j G J) nr 4 -v ~~ < <_o(_*JI al >-> II ^,Jj .ol ^ I 1 ti.lG LajJ 4 UI a <4jjL*JI 

Oj^>- <ljl , t Jh Ujj iXa 1 ^j-«. *» I _ f 3jl <ijLu^Jlj . f l^J)fl ^jvJi I .I J) A f 4 ~w~~>-fl ^ » I » II 

al'u A ml La Ijjtj _ s^SJ ■» iojLLa j i n~ II 4 1~^ II JLoJlLujI ^ If SjLx.ll 

** j# 

,2^ jj } * 1 1-1 4-LvCJI cvLftA*i j ill 1 a 1* a dLljj _ a m-^-1 1 «5-JLkjJI 4 -Ll^JI» 3 J <^5 II 


.Gm/c 2 jljjJL ^£. ixj “■*« 4-vj ^ if (14) 
(3^1 wAuaj (jl lllxi Ijl Lai . <_Ju_dLj_aJ I &J-A ^_fl »|jj^Jl ■ a** 11 J V (15) 

iil j -LfLvIj ■_ l5.iII ^Ajtj ^jjO 1 ,J$-6 V ■_ » Q*> I'l ^icxfl lJ i^J JjJj f «Glh*C k_jJ8j 

J * A lift 8.8 A^l «nft ^ If 5 o I (j^jVI 4 l~t*C ■ ■< » 4.1 J^luI u2 (3^1 L)1 - ^ JjL II (Jjl 




1 1 ^ A. nit La I j_A j < u .Lal*>j ■ - ^ Axl_$J ^ic. ^ uu. a> II SjjJ 

(jjj ljj^JI M*~i <J 5 jj Ll uij ^t-Tl JiLUJI lj_A ^y-a Q i*i" II LSJ^- aJ 5 j 

' I j La . a <_i LalVJl <JlU 1 j <_JLLuJI <dl 5 LII S j-t i ^-i la a j <L>_i^ij 

^ ** ^ ^ 

S^-jiiL-o »— > 1..U1 1 Ms <L»-»^x. ll i-ui I 1 _a ^^ILuj dill J-* V Ja i-uaJL * 

* . • - „ 

JJLaJI 6 <lL»1 U o jj^il j)1 Lfj ^1 ^ajo <i_»ii <La jULo jjl 4 a 

.< iv ii.ll dill adJjl (_^jJt ^liUt 

111. ^ dill (j^jlilJ JJa x 1 <-ijl if\ a II 6JJb jj-il 1 tti \ jl J 11 xj 

till A^fc-1 <V Ju <-oi <dlj_2k-l-A dJt A 

< J^.1 Ll W \ > jj( Cxfl^JI <£.Li-aV J .<LAlj 100 (jjdJI) j^UaJI jjl Jjyjs*. a 
jLlu-0 £j 1 (SJ-* ^ ** *\ * < jJtkjy^LaJl li£ lil^ £-0 lld_aj (Jdl 1 W 

ua. aaJI cpLi-o-fiJI J^IacI lljla i^a-o jjl^ >3^-J .^11 "9 Sjill 

fi * 

LuLi IU . 1 a * o” , i, a LUj*h, j^ys a-uj Sy£JI jl m a jjli j^,^k > ^ V ^_> ll 'vJl 

SS " ~ 

Ll» j-=J difi < jj i a 11 f. ll£ LoJj .^LmIL^JI ^J 1 S^SUI jLm a \ Jj UJ I 

gll \ 11 J^SJI ^-A 6 ^^JI jLuj-o Lxfl <t> qU ma 

J jl j^’i./ »i a.> w Ufl 

j) 1 1 a j a 11 j jj-jjJbLpJI j-tC ll >j JJUAi . 4 . tj-^/vo 11 Jj.lal SLsk-flj 
I jj .J-aaJI jj£. <iLalc <UjLuj plj ^ al £ iA y J*> ) IdA j <La-o <ljl a^jj Jjl^cxaJI 

p^,,\ ^ t ll * j Lilli {(jf-LAi ILc ll^ LoJ j . k)-a. LLj ft “i j i mVI * Jo 'i 4 ill Ll»U 

llj^.1 jj-a A^^Jl ul ji J- 4 -<al ^ ^ <Lijji j lkul 1 111 4 aLLa 1 1 S 4 -iO^iJI 

u^l l)I l nj ) f. a-ij-^i kjLuii L' ~i.*N I .j^a.VI 

j^kJI Ja j« ■■■>! ail .<jL»jUJI <CxS jaJJULJ ftLuki ^ Lj^ jJ La£ ( 1 \>„> I j\ l i~> mo 


(jV "I I £>fcJa-ll ‘l-laji. < aK a I ! a I I j> j S I (16) 

V U a II &1.A ^jl LajLiioU tjf-a j_t j_U Cj_A J J->~a U jj <L^ll Li^H I J J^a^lll^jJI 

i <» 

>— sj if*ij 4-ils^^l^JI llj lift .^l^j.11 jSLua l aA il i_S <A> L^_al ja < ca ioa> fl C*ljl .*» a 

.4-10 j£ 4J1 jia-tl .4 a<-> 6 La tSjalj 





* * * «* O’ . . _ 

^ » l a rt 1 a!*C a jjulgfcJ Llfll , ~ lQ .VS 5^^ jLlu-o (j^5Li ^Ijl ... j a ~ J a ^ n .1 1 “9 ^J A - ui i l 

<< S * 

ur»„,« LLk SjUl jLlu-o ' / d 1 1 al Vi 4 _L"l\ IjjJLJ ^CkJI pLAaJI ^_fl J) .<UojI i>L^jL> 

.|li ii i^J I I ■ A >t t <■> in ft LU> LAjI-iji a ^j^L\ j Llaj) 5 iii li S -lii_> _\.T_i^~> a ^ la i U^frj I ( ^_fl j 

jl mi rJI <ULlUJ! (3-° Pjj-iio *>" pi i Aj Jl jl \ toJLfl .idcu U Jj t a > li jj) II J-uj^Luj 
j^y-LuI^JI _)_L3LJ Ja jjl (j^JJI <L>jLo^J| Jjj jLi_c<=J I ^Jaj^ .^j^L»-uJI JJL^saJI ^_fl Sj^JJ 

• Jaj}fl JM i I .» £jB^aJi ^- i Xj (jlj <^jLcu!Lo <J JjUoj 


^-\ aK-aJI jl ill n II jjL^J .11 III ^J-C Lj, la is^ n ! 4 _i_i.M ^ II jLjl 

Iit-m ' ,.< X ts~i a II jLi^a 1 fl. ' *' f. <S»X». lj 6_^JJ pSTSbollC 

f* 

fi y. Q ^ 

P^j-al^ a II ^-ln.4 II cJj^- liS 4 ^jaJI tjlj fA-iit j I’N.J t (jl J-I }ls 

Ljjj, 1.5 a ss <Li^ 1 A*ij -»>> <G| IJLa LuU (^AJI ^ j aH m ^ -UJv 

.1^ LLs 4<i iaS-LuJ 4 i^la P^tlcl ^<_ujLaJI^ 4 JL&!l!I jIjI » a ^ 

- ^ 58 

^■fc^iiM LaJ JaS .uaj JJt b^y±£. ^jiiLc ^J\ <U jm \ ut 

.1^5 jf\\ \ 1 ^<_u jLaJIJ 4Jli5JI ^ ^^flA.1 







A »-> I g j 1 f ■ j ^->1 ~i m *i )l at iVil <_ii_AJ_eJI 4 h -% ^UJl aj_A CjjLjI 

«* *1 * yl 

LLj^jxi Ja. i -i .i . o Jl * irta (j-’.lll (jl <Vjl ' ■! .Aall 

lil I. A I ^ XJll i il^l II jJb lj_4 . <Ll_uUj jjJI nLlJ>-l£jl i t j J) ' 1 1 1 

JJ-S Jj) ^ ~ < La, 1 ‘n a <J!oU. .principle of equivalence JiliiJl 

1 ft > II q, a ill <A% i.m ^ (j iLfl ( ^ *( 1 1 JjLaIj qLujI Ja II dc LfagxA 

£> j-A Lu^Lo,^ .<Li-ol_aJI 4 xxoulJI 4l_ijial <L> Lilli ££jJI ^jLojJl 

^-A J-laJ 4 i ti,.\ *i A :^-A ^ -t-uJL *> A t-^-1 CjI ~v 'U \ 

IjJ Ua ji m JqlA uai j Jb» dua^ ^jS ^ ^j. £ .i o 4-i u J-l A ^_A^ L^— uiij 

Jl 31 i^i-o ^ \ ^ id^i 4-uaLkJl 4 \ \ m\ 1L> Jlxl-i Ltui-fl <Q mi sLLq LJ i in 

. I Uaj)j «n -laJLixo 

cUia^JI ^ Q j X q t I I ^_A ^L.iS'. L jV 4 i a A I J£>\ ^-A (_^U1 jL=xlVl (jl J-xj 

£jLuil> LLfll < <■ J^5 Lj uli J a < i Ja^LuJI llja ^-2 4 -*-iijl^ 11 L^J -U > t^ l ^iJi 

* ^ 

_ ^ ^ 1 ^ I ^ \ ^ j*. la! ^lJ! dL»l ^ in 4 ^ loll JlI .^.iULo 

4_-»Jall Lol .1 J-ix l-i t ^jL-ujJL> dJd-*— b&A -Uj) fl lit 1 1 \ i C. ^asteroid 

JiJ &j-j.*iiC. ^-a-1 ^jLuil-i ^JJi_ua-o .lni-tiij llj,‘i£. iS^ ‘^ ~ U i 

jLLol 1 0 V> ^ Ij) 4_xlLl Jjuj <1= ^ 4 < u Jj^^l 111) 4-a_»j-oJI 4 _l_jLjJI 

4-ujj1a Jl . ^1a j << Lilli I ^>l-o 20 j-Ll iiolLUl 

<LliJJUua-o - ■<: 4 -in.liA Ifi) (£\ _ fl6t ((4,l o t* t.\ \ n )) 

.JljLflj ^Jt 4 t iii*> 1L) ^^_ll 4.U ,.ut i un II 4 _*luJ- 1^J! Cill 6^) ja u~* 1 1 <3^ 

4 1 U \ ^ :(12-9 JSLullt^ J^Jftl-11 3-° ixlaiLl 4J^1 a Laoj 

5? ^ " 

JIJ) <nJI^ 4_ilal-a 4_i^l j j-j-ual 4 i-U-Lo <3“^ <4 K . .uxa! ^ SjjA m~i 

* * * * s " 

Ja_il^)l v. j i*\ '.^_A^ u JJL_i (j_>ll iti \ il 4^Jtx. 

,^1 - JjLc Loj\r. a i \ 1 iA> ) U m i I aJI 

S# rf! 

4-f^xj c3^ LT^ U f jV&AA ^Lfl-fi Lij^i - Mia 

1 ✓ J 

<JU1 4 1 > ^ juil ^-1-T. P-LqJ_xJI Lo JJjLj £j- Ut . 1 jVJ-ili i»-J <1*1 I ^ jf I 





<U:> (_$) aTH-aII . 1 2-9 itj) 

* * 

^-jljJ_> aH_o_qJI A-jJ \ 1 fl[ frluAUI ,^-a 

^j_a d a 1" A. rt JaLSJu Ai^I© <Jft m, t?> n 
jl i Oj^i <jL£ ‘J^» f “ » > JL^ (j-* 

t o / * ** 

A fl U Ajb tl .in j fl-a p-l *A fl II 

<* j, <• i> ^ 

d x “■ * II » « 1 Q . \ n ^ Aj j * ^ d 1 1 ■%. a d «. \ 1 1 al^ 

i i " j A ,i 1 ^ a A_j J_a_LsI A.jfljal,.a (jji gpJI 

Inj^) A t Q >*C A_oL*J! d i »_ii-.\ll ^_S Jjj Li_u!u_» I A_>^)iaj 

t fl «AdL > Oil ,Tw,-a II A_t_l -v a II d_ t~ 1 \ -v V I 


^ U Q 1 \ J f j>a n .^jlio^-M II 1 j-A ^A I i \ \ »*i Ljj -^.1 

cjLxILujV lJJjj ^spacetime banding <jl^oj_ll ^ \~*,% j) 1*11 jacIj JjJoi 
3 ^ aaJI o -0 1 a*s La iA-a 1 \ 1 <Ti ^jn a J I j-A .curved ^u ^aa JI ^l^-o^Ji 

jLa£ Jjlj ^A,j . L^Jil J ljAXj jjLaJlj plj^ ( 3 ^ juuA j j&l j Ci 4 -ujjlA 

I4J j-lLIj ^ ^ * *^ ^loLaJI 4AU4LiU qualitative < la .^.11 ^L^a^M ^j-uLvJi 


l_yj^2 Lo pi lA-fl ^A j ilfiiJI ^-g. O 1 4_oL*JI 4 1 i mt II ^A fl W ‘Lt-dalAJI <Lu_ua1JI ^A 
U-A j-i£. jijj ^^LcJI is* CJ - 0 (J^-^ ^j) 

< J^jJLo 3 *■ La:> 4 V\J (^_yj ^ aaJI ,^-a <LoL*JI 4 w 1 11 \ II « J-a-Lusu 


. «aU 3 J*l ilJ iJllLaJI 4 l^ ah jau-AlA-dJl Jjl^j 4 lV 


4 -»k iAl^ 4 _a j\ \ A 1 i a II i c > jLj II pI iAflll 3 ^a 1 ■* Ai L 1 j[a 3 ^°s 3 

jjx. ^oLSlI 1 1 ^ 1 aLLo j fl .til 3 -^a < 3 -^'-- tAA M j .Lo j -k ^Jl 

^J-S I n .Uf Uil '■> V O-Sj JJaJI I j-A Jjjj j»Ji (LAjj) i^~i~ I'i 1 If. ■ < 

^t-la-uJI J i-a-jJ dJli A*-i Llj| jJ-u < J > t II ^-!il \~i II ^ li m II 

w< f. * * 

i j£. Lij (ju jia jjL$_aj ^jS j .'*\ 8 ~> II <j| cJ ’>*£ A > IjJ <((|J^.ljJI u Jl» Luj^Ajs 

lj -4 (jV <dJj J-A-? >*) t<» i—J-lol V Lil !jL*_jI 4 _i.ii.« ^_a ^.i 5 ^.a~i..ll 1 .*>. i.J » a <jL*_i^fl 

jkLs jj -^~i OJjl Ijl <(j»-fij-c.| jj_o ^-i. A . Tk fk-fij) i_s-M-^ 

jjSl Stll AIaJI j^-LL ■ s**i v\ H . <j nc. 4J jU^o t*l iL. uaj Lo ^a Ha (jIa i^L 

^ ****** «#S 5 

pL^aJI ambad «^-oJa)) ^_a ^aHoI j » .> pi a ^a ^uj) q o 3L^-°a 




ij-oJo l ~' ' 1 f. !_yu^ja (jlSLoj J ^Ji . ^JiLUt tLAiJI ^ JjVt 

.jbuVt ^ ■ 3 ^ A. cl .J>a 

4" 1 1 j .jjljJI ^u^5_a pL^ki j_-a J-oL*JlJI LJL^. 

fi a 

^5 <3 _ pLuks Ij^-olajO t \ ^Jo. -uj ^| <2 _ pLukfiJl ^)^-uklj ^JLa <GL» <xfl 

t <_jj!_c 3 _ ^c-U tu 2 _ pLAaJI ^-A ill . ^ *v 

o **. * » " 

IkAj^ 0 a jJJ2 J^^la fr'jft ^Vl «l=»-k Lfi-fil J) 4_x-S j 4 -«ti .o (jVI 

Liilj C^i L>J^J (^>*-11 L r L ^-> C5^ L > ^ “"V 

P-^-H—uu ° 1 i J^)— fl i*l 1 * 'y \ lj_A^ °90 6jJ-A (J^^-ia 1"> ^ ^ 1-C. pI^JI—ujVI 1^ ^ 

I* ifi * <" O f 

Vl 4_laJj-iIj <Jl a itJl &L^jL) aJl I'm 1_A ,U <SjLfl i/a ^ LLa-i * I 

O ^ & & 

lj ^ < fl <Lj|j O-jI <L£ LaJj .4-U. jJI Jl l u a i V 1 a iii i "v Vi 

jL^_j^flj oUa-i^-oJl^ ^ H LjjLr^l J^Lk. 4 jIa. j ^^ZLll cjLj>* <^11 (Jj&LvVi-mfl 

* 

<l^.^J Lf^^j 1 1 a i ni\ , J1 a »t.JI >_ iW.ftJI jlc. <<_>L$kll .ijjLil^JI 

LL*» Lj-Alla a II jj-lU^JI ^j) ^IklktuVI l j-lIc j .(13~9 <j!kkuJl^ 

4_ijl jp a II -U^_L_-v II ^ ult^ 4_U5 ^Jal Q*i*i pLuk-fl £yC. JLLi j .4 <b j-A 4J pL^kfi 

_ 1 c> <L j) lq L jL^ <Ll 5 V pLi-ks (j£ I _ ujLLp LbdJhA^kj kif. Lj^-AUo 

i# 

CjI J *«J, V \ II ( J_^ Sj-^.1 j ^-Lc JLjl-c pLukkJI lk_A . ^ L^w^-a jj pL*-k-S «LjI 

^ ^ * <=* 

. lijT L^-j^ j ^kll «u j-iifll^Lll 

I g. 4 -i-u \ \ 11 £j| ^A 4__> _\ v L o iy CjI » »iJ a A J ^ 1 5^_lLLj_aJI CjIpI i^k i flVl J-^.1 

(1 0 J <a 11 aIj-1-uj Lo <K3nt in . I i ~ x ~ LU ^ ^ ^ > 

» i ^ ^ ^ 

<_i1SjlJ! 4 ^*0 -w ygj V ■ I ^ J <_JJLaJI <U^U-<JL «G_k_u3 oLiil ^J*s Li t,m 

<5* ?= 

<4_l15jlJ 1 4-0^1 “v. a lli <(ju.ill Lij)Jn mijI jJj l^ ( 4 ft kS "k 1 1 MJj Us5^ (jl Lajl^.^ 
j-lc La lj_A^ <4 a v^^.l 1 l vVL< < il j-a j jku^-A ^_A ^-o 4_flJLaJLo 

4 1 1 r,.\ \ A O-jL^ ijl La f. JIJ-^JL oVt \ j .4 jl!»I^ 4-ij^-Lxj \ 1 \ ILc. 4 \ r_ 

<jLi.^U .<jJ-xislV ^wl <<*> J«I 2000 Jkj-o 4xUS j > 1 1\ Oa^ <<- 1 ..\ 1 1 fll P-LiAaJl 

^ f> 

(J^l i < ii La I j[ Lo <Mlo 4_i j ~i II s- j-^-UI I ~i t If. JIJ-cJI I j_a ^c. 

- # i * 

c5J-l ijl^ Jij <iLuo tjjjjljia (jajL^ J^L ^c. Li^ou lj| ^1 Lf^-j 



I mu tj 


HU mmmm i§§» w : MiHUi 








-U J_)_a AU. j ^ 1U\~ Ci-jl .1 3-9 JiuJI 

J^Jo Jr> '•k ^ 1 f . VI— a— i <plj ~t mVI 

til 4 .-v J pLLj £— a («La . 0 J^JaJl) 

(>» C(=r iJI J*i1 Ulj . f l_VI Jl 
.°90 la II Ja_^> ^ 1 f . ifilj) *> in VI ia_^> 

13J .Lliit ^o-o ViLi ^JLutJI ujiauflJl *- ly< i i% .'~if j 

0 *« 

3Lfi 6^3-A Jj3aJl cr^- oM 

d ,...V*y^-ll a j.J& ^_fl I 

«> |0 

I —s. i i i J J I ( > 1 ft ^ 1 I>*> > 1 11 1 \ A w 1 IJ 

d a » ^Ja * >-*■ ■_ « ^ ^ij ^Jfl_i 13 AjuJI ^jLlj 
^ 1— ■ <■ 11 ^j! .jL*_>VI S^5k In m 

f L^i <( jj fl l ia i) - i j» 1 1 1 ^LUlII 

•jbuVI 


^A Lj J l (j-o J^lj j_4j _ C. Gauss (1855-1777) JujU JjIA 

c 4 Jil al \_a i**_J i i<. \*< A <1 \. \ \ 1 0*^1 <1 « n. \ t^.l 1 . > A-S <31 1 A. \1 Q a 4 .flLc. ^ — 1 1 JL A 1 ^ 

:JLs Lojjc ciljj 

1 i)H d 11 Vi Lf a-xc .j f J-^V Cj-A j J-i. t i » jj-Lc. < 4 flj fl -^ Jl t£j .XK IjJ 

. 4 "»> > -w 4^~> 


g ^ J! 

^-j-^Lj^JI L-lu ajj 6^31 Lo 13 -Aj <<a, \jlflVI < auJl 3^ II 4-i3l Lo j u& ^ \ Loj 

<B. Riemann (1866 - 1826) ^jl ^ ^ j^13^_j m II ^ iJt cjL-o ^3JI £^3La_WI 

# 

- <QjuoL^. ^_fl 1 31 3 iiil 4 aajaj 4a*a _ 1 854 ^Lc LaISJ! 4jM m i i>1 Sj I«~il -k n ^ dJjj 

(jjU'i ■‘ < * > ~ > 1 I jlj-'j <<Jj ilaVI 4 4jJjjJl1I ,^y0 ( _jjjLjJl J^AC- 

^ ^ * 

LaJa-m 9.14 iti II jjjjj .1-tA )l < >JLm <t < < O *i A Cilj ji-»J > I tl V . ~.1c l .Ac 

*» 

rr^-uj ^lc. 1-^.3 L»j3c j .jIajVI g-1 <3^ ^_S l^j) <c\]n<\ « JLi^j 13 iAxjJI 

«• M i5 * 

* 

13-A .LI II in ^y. jjJLj ^3 J » > II ^^133 q In <ii <iljU 

.aLUjl-q 4 In fi t (j-° 4 -o^-uj^_oJ 1 <jjl j3 aJI -Laj^inn. II 433 -q ja£. JAC. cl .A q II 




jj „m i it ^ U «ii .14-9 j£-udl 

Q l-t HI II lj_A - /jl <v"» -W *t* 4 J 4 l_l_l l i_CJ 

•JUjVI 


(j-a 4 a I " A. a Ld jj] 4_aj u Lj Lj J j-i-i 3 1 « 1 *1 i « H 4 />. \ .^» II 1 ■ jjl 7 - * ■ * * 

pi <Aflll 4-mj‘i ft j.i*~T) jjl (jSLaaJI (j-° Jj PjjJI 1 't.Ka.l i l.il^Ul 4 j -L+iAifl II 
f-LAdl j^yB 4 4 1~'A a JjJalj-aJ L^" n * ^-i*. i Ijjfcj .jck.1 ^^-11 <jK-a (j^o 

j ’' Sj^ J-ail - A. I 4 tif. J . ^ ^ \ pLuSlS j*\.a !i jl j'La .1 < ^L * L a .4 . 4 4 l*i ~» a .~ 1 j.uj .a'i 

■ ^-W J « L _jij ij-kj c l .A a I I Ij^J . J <^>A L$J ~ 1 . I L^lj~, nil Jack. J^jJa ^-Lc. <J_k.l jJI 

0 ^ 

1 t- X A t j . j) * ia > ^J) ‘ ‘ 1 * ^ * * '* uJLui ^_yu Q 

/ >-> -V 1 UjljL-^U t"> ui || sSW tllljj 4. Uf I olg-l xAfl JJLjI Ub^-Ljj Jj AU II 

<_$4 CJ^ 5 6-° < JCinl l ^-ic- J Alii s^xi-uo Cjl-Aji L5 _lx 

£ jL ■■■ I 4 J 4 1 1 II . »l ~ I I ^_S Lil^j 4_c J) 1~1 .a pi. 1 Mil J Ktt.~ II J_j3 ds 

.^^CLo <jfl JJLlSj i cJ\) ^jl^-0 < 4l*i^h \ l(j >1 

_fi ifi * 

J cTtali LijLfl Jjl_j I 4J Cjlc-L^xS CjIpI u*i< j \ fit LoJo£. 

aJLji— II .a Lc jjLS ^jxi^ laJLLa hyperbeing -L>^ a .n ^j) I, A o ^ 

<dJj J_aj .V (_>« ^3-5-0 ^JLxJI 1 j_A (jl (_j-l- £ - ajJk .1 1 ^.<.-^11 J <^. iuiXaJI 

^j^a ., 1 a : 4 t-i a 1 ^jjl ^_a xSaJI pI difllLi I » II «-k i a o <4 la *> It5k Ajjl ° * I 

(jLS lj| Lo ijjJUa I » *«^ ^ > J-A j f4_uj^ia Lk-iikjl pjlS Ijl La i_SjJLJ Jjl 4 I a*i I 

0 * 0 9 

^^Ul o!iLa.jJI ,jl jl <4jul in II I i~\ im 4l ~».n LiLji ^jS ajLa-j < it j ^ I I ^1 ...jj. [UK aj 




s * Sf 

a \ _ V Lo 1 $ ^ j LI tLSl * ^ $ 2jl1 cxjI^I *\^jlu _ Lilj caj! <L$_j Li^-a 

1^^-cJa^ jn In ml) 1 A A lj| LoC ^ln \ II ^Jo-A-l ^Ja-uj ^ ^ > L^_»t_» L^-JlA _j A 1 II 

La x^JL * tl ^ fLjjJ&Lla ^j_aa^)I^Lo Q-*J^ - t11 ^-Lc. *^JI CajI <Li^ lln j| ljl_A <1 J*S. .V j*l 

■9* 9* * * ^ ^ sf 

<l1aH mo <L^-iHl)j . j_o Lo^aj 4 \l*x ft > (_£ jJI pLuaiJJ ^jl u_ijjLj ^ 

.V ^| ^_aLa-^| JJLa <U g-l iAfl ^-fi ij^-ciln-a g-1 jAaII LajI^-oLj Ijl LoC 

°~ I (JjjLa a (-JI J_ijal j < J_a_il Lk J-UI j I*s 4~ II Ij-A jJjkj Li "i5La. t 

J-a-i ■■ <4_dJ 111 J^z > j Jajj .(1 5-9 j^JLo-iJI ,_tka.JI ^ I ^_a»— a JLjlj -p-L-i A a 

j-a. \ <0 JjkJI kA. i— )J»>-H J-al S j -l A u l.g . . ^ -VJ JJ 4jxljj (_£jpa.I Lj^l$ 

■ plj" mV I U A J-J-aj jjl (jJt Lijla. j > m* mi liljLi <SjL t ...< -» Q fl l k l IjLi ijjiillj^C. 

^ O' ^ # / 

J^kJI (j-l| (J-^ d^ kA jjit j-uj ‘Ljjla. 4_$jajj> <4x1 jj plSjl £-oj 

^yic, LksLa-e ^1 n I Vi II i_ik.fljl 4jjlj JX ikSllI dJj ^_4 j .jt i*iVi j£ i_ijX 90 
&L-d ia II (jl Ui .JsVI j.i -A i lilljl i i_j-LullaJI CpSj-II (j-Sj .Lijia. liitljj *Lall 
J-O ia.jj 90 L*jj5 “Ljjlj I— aJjp '-IJ^- I jjVl «Lalj lilxljj £jl 111 li.\ -V~I (_^lll 
( _y-S j !l^. K lillla.^ Jlj-k Li jla. <^_aJLo iiLc.1 CjulS-jI dkl j»-C._^_i 

jjl ^-I'iM.ijiVI I *i i l.r. (j ,i *~t \ (2h> < 1 1 1 f- 1^) j LiLaJjl ^ il U~ .i in t k in t \ o t-l <A,fl 

(jjjLi.iJI ,Li.\.a.r> ^Laa fiJJj (jx ia< j .Ik iii i ij (jAjiLl ^-flxLaJI £_k_i_ujl 

<LiklaJI (j-lc. 1 a <u a « liLtljj “Ljjlj (_^s j > «lll <(_Ljuajj (((jx. j.i*i 1 j» ^ <i^JI 

i, ,a.i,«-i'i i^.) i-ik <^^jj->all i.a i/i'ij j 1 ^_g jL-ixi i (_j*j ^S lILi I jj <cJjjjui kl L^j k i-x.i 

^ (17) i 

LijI - iu./ i (jAjVI j-k_S I..,. ft . «a l (j>$ 1—1-J - ia- JJ . (jAjVI jJa-4 I— a lO ~i J_A J k.4 II 

jjjiuj <ljLa. i,. i-i-tk jjijjSj 11 a 2.4x10 8 jjs I j *\ k in (jjjjIj ^jLi 6400 

(jiijUll ^-uinj jjl i_^J-S ll^ Sj-j..>.^ 4 ~kl inn ijj-a. j \ m II LjjJx. i_i ->-i 411 ^Jl 
jt-l a rAj-k-a-Mj jkj | _^— ilj j C I. -V ~>l m-o ^ ( ^£ i_i I 1 . 1 JI j_A Ij-A .1 i..j ... /i 
jLloVI ^yo i_ iVI 4 » il l (_g J.jl H I dj_) ^ * II d -1 - 1 l-Aj_tuLs Jj-S-aJI 4 -^1 ...^ 

lAjk-a i -4 1 . 0 . 3 ^ylll ijvji 5j^ dl -> 4 -^? d^f (‘-Ij <4 jjjjJI 


r La li a 1 i ini u-^-i ** at < ■» r> j 7L/2 ^jL—oj datjj 4 jj1Jj j _i • "i II ^jl (17) 

.(71/2)11/271^) = 1/r 2 :jh» ^Li 11 f7ip=p J ,1/8X(47lr 2 ) 





j 1-1.9 .1 5-9 ijjLujf 

* 

^XJ dj *Luki 4-jt-j j i5v 5-1-11 

S^lj (J-Q-C. ^Jh ji-lU J^-jl ^JeJt .^JL**a[ 

f * 

rL$— -uijj_j ^Jj-11 A-la- 5-1-11 CifCUit 

* * ^ • * 
{lji-fl-9 j !jl 4 -w j o .Ici^, j j 5 1 II 

^UAJI Jsuftj) 

ur* J-* us 

<< 

ift-a. j; ^ Lj^-*-u j lijla> d. "~ La.lC.1jJ ^ J_ 2 lI_j 

^jJl 90 JjhUI ^-U 

c-lj-^uVl .La.=L JjJa ^ .1 f ■ Ljj_-l*j < jALJ-j-J j_C. 

CjJi VL^ Ujx. fji Jljj JoJ*. 

<JljJa LitljJ Ll-j-fi-ilj) (^JLo-JuJI t_iln.fl.il 

dLc.ljJ <jl J-ra.-j J_uaj Lajj.t 5 <LijJi^» 

^-a 4-^jJ 90 l-AjJJ 4 _ij1j £ j.* ^u uLvi 4-^.xI 

4_UJ^ "vLaJl aX* £y* ^rl.1 jl „i.uVl .^^x.! 

<^j,lfa.fl II <■ .9- xs*. ‘t^ j 1 ^jLuu-i ^-ta—ujJi ^ j . -5 - j 

. ^j ^l l i a i^i i i l . a » . *> > •v 


^Jolj-aJI <ilij jj-s i . a . Vs 1 i JuU 1 g j u^J53 jlJ IjJ <^0.01 mj <j»-uu 10 dul^J 
V jlJ <S_)^ JLl Ijjj .tia. S jaUs CiLwLui-o ,jL*u ^^uJI L^- ~> J <~1 ...,U J_o 

j-4 (_^uj-LiJ] .1 K .4JI Jalij JJ-S d-ujj j^_S (j-ll J-o 

Juu ^-S-> d ~'S 1 <Cjt^ LUljI i_i j_j4j ^Jlu £ La-jJI d_UjuuJ j . jt^ ' a \J \ 1. 1 Ai l ujl ^ j-o 

j ^ 2 _ _2 

.5oca_j ^ ^^LJI L^ijJo oil a j <Ua^5Ii ^-uj 0.4 j l»-tu 0.2 

5j^ jl << it>,5.->. ujLo rtkju jj-lc. ^.1_»IIL> jJ-o L > -.n l 

' *” ~ ^ # t 

tLUs ^_i Cjjl c.' 1 ~» ~'jl j ilj^Lui Lil culi IjLs ^j..j s*i H v_l -ui£L) <^U.a j .A 1 1 jl 

** 

us-*l uUf-^ (_#-* J LiJjJ Sj>c. Jjua. JLL 

•» »* 

4 In .«■ i u pt -JUt.il d a U . a II ,;.Llj J ^■l~'.~ ...I ^.lc. ^ojjLi S 'i ... 4 tal % ~ VI 

& 

(j) 1 1\ t l.f. ^ >*-!■> j j J. xji—fl < Lo-^_jJbLa-j! i <_i ijlj <U iu Jjl Ljjua-j I jlj - < . 1 a lj 

(dJl^JI cdlu i ^,8 . d-i. Li LfllV ^j^_S jJ ^.j <d_iju jio pLukaJI iCilj d l U *> a ( j^i»l-y~ .n't 

. pLua-UI i^y-O d 8 U U II liilu. I ^jjj J^.ftlll i jl_Ul lu If.l^jj ^ -ml II aL>~.VI (j-LU-l 



(J-j . 4 c l~ a H 4 <a \~ A. a II ^jol \xi II ^_lC j-S^j J.S <La^aX^ 

lOOpS 1 00 {£[>£■ J< ^ ' c 4-i^jJ 4 a 1" A. a II olji aalaJI ^1 1 -»A \ \ j -^. \ Ll i 

St 

1 j a i J^i\ 4 >^ v -v ~ l l Ja^oj 1 J.A . 4_1 jLl!Lo ^.jI Vi ^ laJLi 4 Jo Vi II ,J^_ 2 k. 4 _sJjLc 

.c l . Aa H jjjs j tli '.« SjM mil «* ■ •■ '** j 11 ^ j-> 1 '•* * ' La jl 

.^ujicJI f-Lukill Cil i .kl ,-L LaLaj j\(j j‘i (jl |_LlS 4 a 

" » { 

jl (j-t-A-i-ll !jl\ J-C.LlX.1 'i t-1-.-uga.S j' a J-A goesesic ^ ...u^i-^JI kk.1l 

j * "■< , -v > ' j * » a" >» c ^_A ^ < <i t . \ j) i ■%. I I U-n. I I < k-m 1 1 ,o c-ki-S j l ...» I I 

oliiiuJI Jk) JlkiVI oLkkk ^ kksyi <Lk*JI 

£_jj Ojl - Li 'iiLwi *kki kjkk _ <1 " ‘ J -LfcH*- kjkk ^ 

* ; ( i 

^jjl ^ I I I i Jj. l-^ . 1 1 kkll (_j-k £_S_i (j-ilkfij Jjj-kll J (jli tCila-l- kal l y-a 

t 

l _>jlj (_j-k u I II iJ^JLa. l-l -L (<J | £_Sj £tk-cu .Jj >*!-»< til L)l A ^yLA <J-LOJ 

' * * * ' * 

LxjLi < ^ (j"i~ i jLaJI <Jlj^JI ka> (J-a-o^ Li L jJ-“* lj| i ^l~i n Q clif 

' Q $ ^ 

^_lx jjllUailJI CxJlS^ Lo^ I ^j_lj I i m tJj) 1 l~\ ^ ^ < n^-j 

0 * 

^^lil ^Jh 1 a^'ni 4-fll-tn.ft j (jLi < (J^-o < (j 1 4 1" ^ a ^-U."k 

ol ^hLUI i.l I ujjlJ ( Lqj^ j\ .^j iH 5 i II v.^Lj it \ 5^1— oil ^-oJoJtJI S^jljJI ^j-o ^JLj u-^^f I 

** J 

.l^JI 4 ^.^jS ^iJI Cil^Ua-«JI 4 \ in tj Ua^U ^ 

lj_A .^j-LcJI ^Jl u j) ^ a 11 pLAaJI ^j-o JLlVi^U Cj-fi jJI 

n > L^ ^ 1 " ^ Lfl-oJI j\ U »-o ^ j_S Lo^ 1 ^ ^ a ^uaJ JUliVI 

1 > <^xj jj) i^aTL^j . 4_»_u ^3-aJI Cilpl <Aill LjUj-uIjJ <j-o LajI^xLluI 

” ** 5* * ' ** 

p.Li^_S jj) a U a - 1 1 <UjJLJ — JjljJI ^ *%LAft in 

Ijj^j . ! \ * \ II pL L^_» L jj. ^jlII 4_Lj^laJL^ 

S i9 S' 9 * 

l £ J .jtkiJI ^ 4 ^ io" ,i_.A Ja .j)-l^ -y ^Jh 4_i. i ^J^xaJI Ja^Ja_^JLfl < ILak £lSv>J! 

J 1 ^ c- ji ^ -' 

^j_L4 I) lr> 11 0^ * * I 4-ij^JaJI 4 i, *> ^ 11 

<M ' & 

interval Lia! ^ ^Hia q * 

«i 

LaLoj^ . iS^Lj <3^^^ (j-a jLi^yiLa Sp^Loj A A \ II ^jju^L a ^l5\-aj 

^jVI Lli ^^iJI - 4j Jo^Ja^JI jU ^5 JL^JI Lo^ 



LUllt JUL5-» — ^ » .4 Ai^oJl *Lu j jQ * ^.lc. L 13-A^ ( ft l^-4,i. J I 

Jl J> 

.Lfrl aj J-^1 ^iJI 6*lA J-u&j ^IiJI 

^ ft ^ i ^-jJi ^-la^jJI ^-A .LfK 4-toljjJ! 6<J_A lU i^J 4^-t < 

(jl ^Jb 1915 ^Lc ^aUL*£u^I Lfr-ojLfl ^JLlI <l<uJs3jlJI .L*-o < Sjl u* Jt ^ i a! i n H 

^)-lj <iLxijJI iS^LaJl i fiLiil^l ^jpjlai!L* 4 j V I ^jxi j^Aj A jLaJi 

^1 <5^UJI dljl i-»C.t ^a_uj lAJ^* V .SjLaJt ^ ^jlSLo^jJJ ^J.,i<rx!ft a 11 

^ ^ & & £ £ 

l^i-x^a Cxj$ uii ^_x-i5U .<JS> jvJLxJI iSL»i S jaa aJI cjLS^LaJI jj-o Sjo .1 j jju 

IjJ .<JtS 1 || ajj& jjJ) lilJLu&jV j-o£ J^-a. |JjjJ i *l ~ j <aj ^jl jju jj'ifl d£_p 

^ ti. * o 

Lfl_JI (J ts ~\ ^_J Lr lJI 4 Vl"t \ 11 -I^l.-A J (2>X 4 n \ djLLuCl 1 A (j 1^) <d *-■* 1 J fcLm 

. L^_jLtC.I Jj jAi il < Lt^ \l -v ^jiLui idljj JXj L \\ 


\ t > i 0 d t .Ti \ J / \ l 1 1 Q 4-LO^^fl <t Q /% . » t \ /> i ill^ i t d L> fl il l ^ ■ V \C~- 

fi ' ,<*** + 

• JTjLaJI J)~w~l M-lli rc.a~t Vi ‘Lil^jial JjLa-1 1x4 J <4 lie. O-S-Sj JoLla A II fjjt Lc.jp ir-i it 1 

c-ixlLa Jj-a_o V ^j-S i_i3t. l Vn (L^-cJ j I’va" II a5L‘>j i_tLlnl 4 tfl l iVI 4 « m i I I 

<=* •* ** ^ ^ ** 

J^. Jo. (^jlx. ^jlio j-i’n.oT' !l j^jLfl (LoLaj LJ^3 -f-LuaiJI 

j"‘>* "if <dlJi .tilio 4" [Ik La.i< J ll a~ ]l 'if I jJ <4jj5 Jjjl Lo _)-A jo. (Jill Lo 

■ ^jlflaJl 4 jlL V t^jlSLo^JI 4iL t4 414-t.H iJojJl llJfc i_i-^.i 4j| 

•* ^ •* 

3_aUxi Cx-S^ &l i iii ^L> jL> ^X-LjjJI Jo^) 4 .a II > v - * ?La JI 

CjLiA^-aJI j-iifixll i Jj£.Lw=xfl , 3 .(4-9 J < m H al u i n jj) 

(jliojjl 4jJaj-a jjJ 41-uijJ^Jo. J^Ja ^ylc L^-jU 4jj£j 

(jil <}h!s iljLoj 4-1 j)~' 1.^ L^-iL i_Sj_>oJI Ij£ J i^ 4~ II 1 i 1 If. Jjl ^y'l X. i lx* .l^Jjljjj 

^_S j£_a .iaj-fl a. II *_i-a.5L<i 11 ijj-^ " ■ I I j i Li die. (jOJLj ( »_o I iA» i ^ ■v -^.it. i i 4jLtjJa_i 

4 llSUI ^ I ^joojj 4-jL^j 4_il j » i La_o ajljioi i~.i I JJ j_ji -Lj a ^ II I < * *K ~ 

^.lUk (j-iJu (j jJ l^-il -k Jfijj pi u^ aII *Luc 4| (jl .6jljo, JJ-S 5 Jjo. ^J-aJ! 

j_iC £■ (J^a.jJI jcjjLi (JiLaj jjjJI dlijj jjLoJjJLi 4 g 1 1 <~< II CiLu x^J I C)Ljia-n 

* * 

4^ii i~i II 4 <Li i aII j>-oj jjJI 4 a a. i~ a II 4 l~‘\ 1 1 4 l~i,fl n ~v II t.r\ II ^ya j-^-j 




io II ) ^LLJL £jl ^ ii -iill £jl tj.’va.JI i <LaJl La a j-i-c. 

4 i K 11 4.fcgJJ >1 ia.a (La JA </i> ^^ill 4-iLajJI aAaJI 4_lL(j_!ij 4 -)Iaj Aj^»jjdl 

^ *> 0 0 
J ' II jA ((^jLLiiuLjV (( J 4-k II <JjIajs)) 4 ,1 » 4~I La (J^j .<-iL^j_J 4 j1ai ^jj'i.t^all 

< -Uj a ^ I I |_| X *S aJI ■ a lj~ " II x-jl qJLJI Cil .1 » K a 11 aj-3».j Jjl ^yC. 

/I o\ ^ ^ 

5 y£* ^ 4-aUJI <Lu_uxjJt aA-A . 1 ^ La JA.L 4_iK!l 4 l~i^ II £_a ^jl ,i < ill'll t 

. (aLxjVI (jliaj isjuj a^-£j L$-iL> ^ iaLt <5jjj 

<(4jj£. 4ajajJI (jj^ (jl 4JoJj_ii^ (j^l ~> ju tj V J A-k I I iljla-o 4 _iLL J( j j n M <j-a 

$ t . - * * „ 

Q-a 4,«..iA l ^aa. a JJLj Jaa. AakJ AjLs <dUA £_aj .<-»J » i«-i II j-JL I ~t <^)A1 

4 i.ajt J...II 1 _JJ -a. 1, 1 4-1 il.-a-tVI 4 I i,l ft. II Cilj L kWI ^j-a Aaklj . a_ya Jjl I Q f j_na 

K. Schwarzchild (1916- J 1 1 JjL^ ^-jLaJVI £-<ALjJ 0 ^a-i ‘(jJjVI 

^ £ 

0 _)lA 4jlsI jJI al . Ac II 4.jJo.i,a.l aL-i[ ti i inj j <_ijla_» ££a1I <1873) 

» 

(J^.j < ■ X j5\ j| i -w i ia.i a— 1 (^jJI JUJI gl <Aa1l ijj-o <4 l~i^ II 4-iA_>£ 4.4.k.ia 

4 -■ I~ i ilLlj £yo <Ti1 4 ■» , A. , JJLJ CjL jij .4 |-.<H 4-aJyii.a a^S Jja ^^-IAIaJI p ... a II 

4-aA-a-U 0-11— «-i j-i-C. 4_j_^SJ aA^L ^J1 4_jjl_C.1 A_*_ i jjLi J .1 a. ,_j^>j_a_i 4 1 .il nal 

A I i -■ n^-i^jl 4 iii J t-, ° 1 4 . j j jj.i 1 "k lln i<-i a 11 1 ^4 mj il 

H. P. “<-jj >jj tj— ° J— ^ j— ^ a a 1934 c. (j—&j . a j— 5kA Ia I -». 

4 i «s. 1 *% ~ « II j j < II 0 jLa-j 0 _i_a_ 2 k -1 'il *\ I A. G. Walker Robertson 

.^1 Ui~i ji-i SjAalaJi j 4 m il -%~i a iSOtTOpiC 

^Allj <L^_=kjUk g-L A4 .ll 4-tLklla 3^J^> Jj-a 

- !# 

S *• 

j ik LV> - a (j-aia Lljj ^yo JaLSj Cl ml - iiaja jka\ ,., hAJa .^jliajJI 4* i A 

“ ^ ^ * - 

(((j-sJJulJJ J_jL5)) ,_)AjVI (J-^kl j (_jLL-o_yJI (jujJLj ^jl .(16-9 jJjS iJl^ gL_uo_aJI 

LkjAa jjAaj (j_a I (j i A » ; i Lj^> 5 o II ialilll ^ji ^ j u i contractile 


^^iikj ■ /j-i ' "> nit iS‘ J 5- fc 1 1 tJjljLi ^li Lo-kfl 4jj1 <LiLC lilil ji imTi V (18) 

jAt SjLuiJj (3 — C>( II <^a 4-flUaj X 7X8 — 3 oLlaSLJI (jjo a ^ jljjkiJI 

* 

<il Ail a II ^_fl Ljjj <A a 3 - Cit t ki^-V twist ^jLfl 4 4a i a \ 





(jl <JLfl \ 1 I <_ 1 J a II A 1 1 ,^JU .16-9 J^n 1 T 1 Jl 

c.> am ji LlL^jI iji >_a <<i^" 

J^ 3 .yuJU 

I* <«1 > (jjl J- 6 (j-C- ~ VrtJI aL^-jVI 

(j-C. La!j_=J Ijj-*_J U.^ ..,”> ^ -V- .A 
v "* (S J s 4I< ^ ^ lt-® J ^ H 

> jj i # ■* 

6^j_o-oJI <lJJI a j_A .^<a< > 1 < At t 

<u^>jVI J^xij jjJj .^a.jLLjl J^aJ 

* , l 

^ | . ft 1 L-. ^ *\ d j 1 1 ,3 * ^ II ^ j ^ ^ i -v 

uiA ui“ O hi If H £-1 .jC l ^ ^jli <^_L^|jJI 



A 1 t ft*t 4 \ a Vi IjuSj 4 jj_i iuj ^ {*■ ^ f . cojfc <j| .1 7~9 u i It 

4 * * 

jA_u yi Ja^JL> LaJj^. 1 4 1 "■ >■' j > Cj Lo_i_«-ajaJ I ^ .4-*JaUs^> Sf-^Lo ^lt 

Sj Q*t_^.. ^ II ^jLi <j_yj j-tJI ^aC. (_gj) 4-t-ui ■> J j t •% 11 iaj)U-k II 0-»L^ LaJj ^ lJjus-cuJ ) 

jjlaJI jl^ 1 a| Llxc.Ltaj_ujL> . J i V\ II ^ in ^kJI Jj-o ujAa-a jL-uu. ^5^ j a_i_» jJa LfJ jL 

m ^ II > il^ILfil Cjl^iaLiJ^ CjLt^Luuj 4j!_j &J-lu 4 \ Lo I i Aj l Jj&l , m‘t tu j't . l LX fl <1 i A - > 1 ^-l-oJ>Jl 

. I jj » r ft L \ l • * v 1 d I > a > 1 1 4 1 1 d y\ 


J^lj jJ; ~' ~~ o <1 iu4‘i ijot jJjjj .^JLkJI c-LmCi-SJI ^jS JLJI jjS Lo_o 

‘LilaiaJ (^jLLijjl <Jj UJ ^ '-.1 ' II J 1 1 i M^j^L4-.7i (J-^-l CjLuI d j) Lul l Ij-Aj 

4jj_> 5 1 0*a |^.< _^aJI -k»j)< mjl „i j 1^ a" " LljSLiuj d a U>" *. a 4 1~*C 1 

a> ^ 

Luij£ dloj 4 ILLloj jLaj^l ^XiLijJI (jl^ojJi i {yz I ^ 1 A 1 ' 

^jLoj 1 <1 A J | (Jj-iJ JL ) J)~ .11 A (J^ 4 is I a II jjlI'i 4j _ a J*vjl ^ — Li yjt 

~ » ^ • 

't’ ^ 

( iaII CjI 3 <ilaxaJI £j-»Lj j- mfl j .^lic 



^ i- > Ul U n St^Lo f_y . 4 i > iii <GL ^ ja~i.ll l jS j '*s at II <Lo ^Jl < L.VjS> n >j 

. ^ 1 7-9 J^SJI) <1 ±Sj Sj^ ' p ■!<* ^ .A j ,jJI <ftU‘»a!t 

( J A. . ^ i ,j <(_^<ajVl g-lo— m j ■ f L^jLa. ■ " II LUill * a * * ■ ^ ^ fi.\ \ i /jl Lj 
<iaJ JL^-aJI lAijiMijjijla itil jjJl^IjJI (jli i^jLaJI ^JLaJI s-1 infil l 

(jt^jJj a.xJI (jjjJailll (jt aj t(jz) tidal «4jio» (jl^JijJI 4 , mj' » A ul 

fi 

£JjVI Jaliill l^_» dlj ~^Yt ^jJI ic^)-k-uJLj (j£. Lcufcld^J ^Jo-uJI 

^ i£dlll 1 * a 4 ^ . LxjL <-» la a ^dJI pLfij £-0 <L*_o ^tJa auII ^ 1 ^_o j) 1.1,44 a 

Jl j. i , j£u p^jJI fcLaJiVI Jjia U"^) £^3 fcLa^Lj 6.J )J a" i c-l jAlU ^^fi jjVI (_j.fi 

jjVI Ijjfc (jl (_jj (J it. (j^ Lo j .(^jJ^LiJUJI (jjJhLaJiVL» 4 jl^Jj ^4J>j Ai a .11 4 1~>^.II 
j a. 1 » ■ ■ I H j a fi II 4 -ijjj£ 4 _jj ,ti~ I i _fiL£ ^jSU ^jJI jjVLs :J-d-o I 

<* ■■■>'■* ,—Lc. j a fl.11 >*~'t * I jJtl h a (__A I *i~l l» i -s, A I 4_iJ aJI cA^j^JI (j I j~ ^ j lj*\ 

j lr> a I ^ Li a ^LJL c ^jld-o lI^^j OL 1 a I f < i j^ajVi £t-la— cu , \ \ C, H 

^JaLiJI <—>>5 Lfljlxfi IdJ jVI JjJo CT^ j-***L^ 1) ^-LiljV 

^ j ^ ^ j ^ ^ ijj ^ 

^<xj ^L'nyijLad 4 ,.^'iA JJa JJbLtiiH di^Lfl <4 aLiIjlj j «X&JI ^Lm^. jl JJhl iti 

. V I jeJaxu 

<xaj ■ ■■ ^ radial ^ i ILs j 1 jx.i ^ a_> 

2 - c5jL^-A JJ^5 J^lo <^jJclSJI ^LaJiVI JjJo (jJ*. <^1^ 

<_U_LiJI <jL4.ufift.ll ^_a radius jJaiJI < a 4^.\ ^ U a II j <in^JI x 

Ja^v .p 7-9 (J^ <11 II jl \ 1 1 ^ (j£Jj £. Jl < i a A lj j Li a 1 ^ Jill 

^ fi» if - 

^■jLa. <ilalA Jl (_j^ Jal In n II Sc-^Lo JfLo LaI a?i (^^_^uij| ■*■ 'j ■ .11 ... _j.. jt* il |j_A 

(_g Jj nr I_|'I I A j I (jjjJJI III a II (^ja (J^J j .S^SJI 4_aJI jja m* ^jJI (jl la j II 

j 4 l~>^ I I ^jjLluj <(j_ojJI aLa-il JjJa '- * iSJ I* 1 a i' *1 3 VI (_fit 

In 4 M II I^yd II 1 1 \*S A < 1 jj 4 1 ^ Sill | Jjft ^ j U ft \\ i Q />s\^ 

_ i — \ X a a "’hi ^jUai^j <jLlu j II rcJ^-tu La5C JjljJI ^ vM ^ I I 

fi ' ** ^ v ^ - '* 

• Ly-i-jJ^-A-xJI ^jJbL^iVLi ^j-ii 1 4 JaJI j 1 1-.I j jA.‘iVLi (_jJlL a! — *l (^4 jljJLaVI jV «3 




a 

^J-C^ >1 1 ft l*s L> *t j Q^J ) ^ 1 " cjl^ <cdJj ^^J-c ^ ^ 

* 

.Uxm K JuO U 1 £cQJI ^Jj^j (j^ljVI CiLflijiiO 

Lk»| <Lc.j mj CtLui A aaII ^1 J 1 i A <ti <L mj ■> ft C>Iaau 

^ - * 

< GjjLLo Jo£. m*\ 11 ^L>LuJI ^ d lldl ^k-m^k Li_»^5 I ^ 3t A\c. 

iiLuu-oJI iti t^k ( <il -oi-qJI j dl^Jl 11 ^_ft ( 4. [\<\ II J I yCH ^ ^ n 7k 11 S J. AJt > <LGULa^ 

LiS IjIj "V lAll ^ m *N II L>^ ^ nl ft ball J ^iJI <jLmA II ^_ft 

(J^-jj (2)1 I A > l»-fl <SjjUo i^La ^y-Lt Ij-tt^-O 4_kjljLxAI ^y-S (JlOJ^I <1 1~*C J-ljG 
j ^ t II £xJo-jlu ^ j" ■■■ a Jj-lc. 4. til 4. I ja jljjJ j-o ^lc.1 4X-j m j j J-G L$_i1 jl 1 m^- II 
(jujjG Cilj (jl^jjJI (jja jJLUxj (yS J <,jiojVI j^j-o (j£ Mill Jl*J SjjUoJI jV) 
Sj ' » i<~i yiOjVI ■ 4 ^ j^aG-o ajjliaJI LLxjI 4 x.j-j.ul _i <^j » ua l 

<dilj £_o j •< 4<aU 4_jjLaj SjjLL jjjG jLi IjJ r^Jais j~ /i 1 1 n 4.4 l ^ " lV\ 4^ 

^j.m > < Luj j ^Sk 850 4x j. am , » j jj-o 10000 ^Lijjl ^J-c. |»JL*Jl 4_Laj yi-s 

4x.j_llJI j-Jig 1.,^. a,U 1 1 <jx^. yi <4-GLi>jj^-° 0.2 j.^k *> ,i «GjLaj-oJI ^IsLxjJI jjjGJI 
4 a i jttll ^ jG II <LeL*JI 4 it .■■'ill ~-ljl i~-».l . la a.S <xjl_»jjia 0.05 f-Lijj 

a jjUoJ a j-JG-aJI <Xj-luJI LiGjI j <^^LiVI J Joj x^ II vIjIjxjG jlauALaJI ^-Ji _J 

•S^JI 


^a l ,- ~, y I Jyj jxxSUI j-V4.ll I jjS jl5LojJI ^yS 4 i 111 1 jj i -v II II IxxJ jl IjLoJ ‘(SJ^ 

LfjU i^j^.1 a jl, i» i j .4 a,i4~< nia Jo jK~». ^Sj ‘Jl-^. t-Li^i ^yS ijJjG Cil.a i.-ua. II j| 

~ ^ (1 9 ) - 

6J-A . li jju iIaJI <Li hi II JojJq-^JI (J s ^i3 Jf <u ” 

A-o _ d 1^< <Ja-kul^j 6j ^ i T i \ ^ .oljl n ii fll l ^ X s A II A a < i A I 

-U J-U ^11 J^Js LfiLkj |Z>1 O \ *A1,^I1 ^ ‘y \ ^j-a i j- l-Ltl^ILfil 


IjjI j Lo5» CjIjLoxaJI ^J A a. v-AJ-tuJl SiiLlj ^kj (19) 

.7 J-k T kflll ^ 




jj > V-ft-ft ,4_SuJLaJI ^_S_j . 4 a ^jVl ^j-A Jdj^Jtv^w II 6d-A < 4 -»^_> J^-l^JI 

<# H g * * 

J * -v * d-A^ (^ULo A. ^ \ 11 K <4±^J1 j ' ^ j» m <.I.L1m l .^rs- I J- * > *C ^>J1 

^dX> aK^j .(^j^jJa,^ t _J^ J ^J| (Jj^ Yij) 4 \-> -ujJjp-N.il L jU^. II 

0 * * 1 „ s* 6 

(J^ — l_LJjjaIj jliLo jLdUi-O LujAj 4-Jjljil dJ^) t L£ (jl jd-lj 

t ? at' 

* ^j_!l j<Lll ^j| ^l p * II (J^^- — Lu^5_j (UJ-ii a}^ 1 u~\ aLj 1 > 1^ < 

■fi ’£■ 'f- <* 

.cl id Q II I_3 l_J^JLj U \jiJA 1^)1 d-0 ji— txij-4 ^t£a>JI ^-fl ^ <4i j J^ J . Tw K "N J^-ia ^Jx 

* ~ tf ^ * * 

>j <Luujij JJal ^jl^-ojJI - jjl Ur. ( j_o Vd_> ^ j-L - ^ ^ 1 II ^jX l. u a < j 

6^)1 A JL .LiJjJL) 1 fll* a 6 jl m A Q J ^jl Jxfl (J > _^ial O-A^ LT^i <* 7 ^^*^ 

. ^--^-.ijl ^_o ^^Llt t— tJrx >1 4 x^_uxj 4 a -n i * } N ^ji-S 

•v < . > 1 \\ jl ( 4Ax>\£ 4 .^n c \ \ U j) l-i-fl Cx^uuJ u ^ >l l^xll oljl i it a ^jLi < 4 _&_ajL^J! (j-£j 
^J*\ i^Tt ^j-lc jL^aljJ \,ll 1-^-i <jlLLL_o CjI jl in a 

4-i i it> II Jjl U f. ^1 <<i/J ^ ft i ^ aJI ill II 4 _SjJL-o Oi ^ ^ lJI ,J^-^ 6 

CljI^ - * iA^ 6 jjLuo ^ a m ) LoJ 4 II 4 -a l ft. II 4_ij-*-a 4 ^-iTi^ _ &J^jJL» 

,(i8-9 j^iji) ioixji <;^n i jixo Llj 

c * ««» x I <^£\ ^5U1 £)l ^jVI isS^ u^^si 4-M-^JI Lj-fld^ ji! 


JjJa ^_lx A. itl ^ I 4 \ X 1 1.1^1 H 4^J^JI <41^1 JJLLXJ i 1 t*\ 1 ,<JI_AjJI ^y.A <»M 6 ^SJ 4jL^JLluI 

^ p ^ ^ 

.4 -t-udj.^ Jl . \^kl 4^J^JI ^jl 6^1.131 ^-uuJjAAi Jrx^ 


^il ai ^ lT^ -(1)*^^ ^ ^ ^ *— & - t ^ s 3 (j- 5 L:v^l iK^o 4_^i 

1^ v fl CxJlJ j»J ^1 4 a tha II JjLoi^JI ^d^.1 - 4 _» jj, \ \ A V di jdfl.i j>« m 

a*\ II eLdl^Jlj 4-aLstJI 4 UjuoII ^Ljjiaj J_l^ ^ ^_A <l»d^JI pL»j-ixJI ^_fl dJLj 

^x^jd .quantum gravity 4 -l^o^ 11 iJLiiJI ^-a SwL^. 1^ 4. k j (7 J ^ 11^ 

^jVl ^..1 ^ iUUll A*i i €f ^l\\\ £yi j.u^ jJLfl jl^2k,l ^X^jj ,AjLiaJI J ^_aJI 
^ ir <Lia ^ ^*C 11 4 II aMln ^ a nil 4 ijU.il V Ut^J .6d^j^ ijjJaJ ^Jl ^J_uo ^Lll t> 

j i » . j a*\l A. 1 1 |_V->. jj^Lo L^-nJoJt o <CjI ' ' <i~>~ II J)-o 1 1 j 'i f . Ll<2>j£. < _l^. J-i Jj 






^ 1 1 1 £>•* jjlSk lj[ <-4-aLx_>j^ jLiLa fjjjlXiiilu! <j^kJ LLflj - 1 8“9 J^LulH 

0 0 ^ 0 

jj 5fc * t > 0^ LT^l V .J^ <LaLaj I iA ilj 1 «-U t jUnf. (Ji-a <4 -J^a (£.i-ll 

jjJj jl-L^i-o ( jAAauoa. ) f A > 11 ^1 La 4o* 1 4_xi <JJ&J ^^lll «LkilJ! <jj -SJjj 

^^oj^xxJI) J kLa*i II c1IxjI^_laJI 1_lxILj j ^ j ■*■» * .a«v II precession SjjLxa &Xa .^a >11 J^a 

^ 0 

0.12) JjjJ <J^ <iiKj2' 4_i_»lj 43 <&Jj. uTt^oJl 1 juii xAiOJ (S-J-^ C ^ <6 jLlaJLj l iaj! 

i j-A .SjjLlaJI 6j_^J <La ajaa H <_ft i a IL j <_oL*J 1 <Lx>_t4xlJl t > \rL > j .^Lc. j£ <a joJI i j-a i-LlVl (_pfl 
oLajj a j-c j l t~ j) < binary stars ^<LuLaX 1!) ^ a ^ I .a^H *jx' t \\ < a!v> 1 ol^l * i» ol j jLla 

■ L^wUjixfi j ..it 



(jaxJ 1 *> * !■»*> **<1 1 jl .1 9-9 J^-AJI 

* 0 
^LaaLo (_)xi_iJ <j1 < s *)~* LIjU <Ija JLc. j * * *^“ * 
** * ~ * * 

dLj^Lj julxjAJj .AjJjJLj 4 > ,u<l s _j_4 ^Jj 
jjx. ^ X > < ,. V*C H ^xaIaaJI 

wL< J"k > IjLa ^ 4 a 'i-^1 1 ^_fl JaI V .< Ajj XU 

<6^>IjaI ^£^)A-J |kjij <LttJ C>^ « » (JAil-A fl A 1 

^U1 j K - a J I LLa^J ^ Sj^i iJ-aJi 

.<jj JAJJ 



Jjj>lA. a II (JaB i (jSL 1 .JjiauJI <Jjs <j ^ jl_sj_a L^-Vr. 

3-otl j31 I JjjS- 1 (jl J-a." « 11 J>a J < JjLojJlj tjl 's ft I Ll lj_>a£Lflj iijjJa 2j_j J 

J-o ^_C_JI ( J-ic. <jl Jj_l .<Li-oj-n'\JI «Ll^JojJI ^ A J-i. m l II jkjJu lillj J-0 

j a! Ul * 2 /* a 1 4 > a j a*\ II (<LujUJI) d 11 a >11 pLaJjcJI ^ j Q 1 d > 11 ^ 11 <jjLi_L*aJI 4 X > JraJI 

. Lj.j » ■ .■ .-> jJ ^v> <i ~> > » a 

■ ~ » 0 II ^ j I' ' c. :<_JLjJI “Ls-lL^JI (^j- 0 j-aU^aJI aj-A j^.1 t > .1 
d-jjj j <(2)l^_ojJI j » > > U 1 jljJaJI <LA-iaC. d_)Jj d 1 a \ lj>5k J-i-S jLaJI 
Llla-a. J-Lfl >U11 > j Jj K a 1 1 ^_£JS (j£. <1 JuaJI 4-^a. j Jj-a <^La1s 4 a I" A. /> 

« *** a f, ' 

<LujJu^_» J^aUJI J-i ^3* ,3 <3^“°J >"^ -3 3^ A ^ -V ^ 1 J i5jG J-a!u 1 i 

31 ^- 1 ^ <GLj 3 K- 03 U ^ 1 a_o <Loi 3^3 ^ 3 ^J ^lc. jn*. < iUIV 

'*’ ^ 

11 <JUUI j ■ I I a . 1 1 CjI li t , i i i > jjja <Lla-to J » < 1 1 

J j OJ^ *^l (J a" .ft 11 Jj-o_j .^JL*JI 1 (j m<i aLiljA.^1 S \ ~*~<J <(jl^ 1 nil * l « n 

' j 

\\ <?iuH 3'° 3 -*^ ^JLaJI 6wi*-j L<^fl 13! J-i-a-U 

<Lx t \ -t.u.11 4_i \ * It * U statement 3 ^^** ^ a t 

.olj^.^1 3f^ oLS^Lxil 

<3^-°3^ ^ 1^ 11 AaJI 3 ^ <JU!l1I <j^IUI 4^ui 11 

VI !.<'-> >1 3l^3JI J 31 A 31 3“° Vj-i <LjI i k sL^ i, \ j I« ^JX<1 I'i A > 

3 I .(19-9 ^-»3JL» 1 ^ ■* * 1 4i> (j^ A > > 1 d <o» 1 iaaS^j o! 

j % <dlj3Lj Jj^ \\ a 4 ul 31 3> <M ^ J-alLa-o ^-jl *\ fl Jl ><~> 4 ll J « U~ll 

-35 f. 

1 0 ^jl—La-i dUV-J 4 >J 6 Li 1 a <iil La jJb 3 L 3 JI 3 ^ a a JLua^jl 

31 (jii-Aj-oJI 3 ^ 111 ^ ^ 3 -a s^_a 3 ~ > ^>- t t» r. j)M> j a> «^-il I 1 a^ (jl 

.continuum 3 3^ 31 < ^ a 1 *1 11 ^-a-l-uj^JI oLS^J-l- 0 -!! 3 ^ ^ 3 ^ * 

i? * « ^ ✓ 0 

<dl-»3Lj 3 s 3 ^° t ^ -0 3 ^ ^ -vl m a 3 ^-* 0 "^ c 5 ^ 3 I 3 ^ a * • <• j* ^ 

‘(SJ^ - txL 3 f ^ ^ J LjJ 3s3^“* 31 3 ^ A 1 <Li5^tj A iLala 

111 10 dL3L> 3-03 j .dlj3L» 3 ^° 3*^ ^ 

3 L^. % .<liLj 10 3 -° j* ■‘ ^ (^-°j LxIj 3 ^ 3 j u -^.J 3 ^a> V 




** * 40 1 1,1 ^ 

5Ln.\ ^ j . 1 0 ^yo <OJJ_o (j^SLj (jl i_i i l fl..‘>l S < < i 'll *1 > La ^ j jJj g > ^ I f 

. <LuljJI ( _ 5 -S Sj-o 1 0 43 d&J (jl j t~il 8 t/>l 

j Q <<->.11))^ Sjlj-a-JI t-5-LLa-a (j-jjl 4_aJj ^jl Laij 

«•• <*>« «• •• 

Lf lc.\ l_La. I ^ 4 <Laj <jl t \H <J1 \*\ II ^jLfl r<_>J \ 1 ft \ 11 P-LiJjjL&JI 

.<Cij 44U < <dLLl SjI^aJI 4a»jJ .Lu^)jLi 10 in i <1 fl IU r> 

d)^ 1 (^jJI > 1a a. 11 ft tVI ^jl 

j ^ a & * 

u-o L® J^j <« LuJa^ J 1 c '<j-“ <_j4 

ij 6 1 a II 4 a Jl <4 <\K11 olpl-^Vjfll 





jLu2$\ (J-a£. LaIjc. L a .h-JI jlj£.^l <ill 


j a 1 1 1 , \ \ -y t\~\ <GV V i ( >1— ii-i-w il lr. ^_A (S J 4xlx11 JjLbJI dcl<Ajj * I 

i ^ ji * t- e- < ' Op 

^-cvia.-H all II ^lll ixj-ojijjJl £ ^ill il.iiAj! <4jj^f J-j (U-uoi 

ft <<Li.<iMfrJl SjLJI < i.^Vi Lfjlj 4 i ioLi^JI Ci' _> i ^i jiJI -4-ij •>‘‘-11 4^.1 jXjLuaJI 

i. 

£-0 jXj^LjJlj ^ ■ >J a. ~ 11 4 ■%! ^a-1 4 i ^raLijJI <Lc.Li_c*aJI 4 j^Llo 4-^La_i 

■£ ^ ^ ^ ^ 
^_4ojI^ jLL; ^_lc ^-*-^1—^ < Loj • jxjlxJI ^1 ^-laI 4-a. 1I 4*\ i ji 

d . -A A. ^Jj^c ^JLxj <Llu! LliJ p!^_uj <l$_W < LJf. uuuJ c^Lu^LijJl LaIjj^ 

s* J 

(^JolIoJI <-al j j/^ j <*l mi a"" 1 ^-\5l 1 a \ v I (j * A» t *lLlLa oLi^Lc ^1 1 cT\ jkJI^C 

l »ii ■a \ *- y Q~ ulu^L jJI Jjl / j-lA-* ui-5 Ol jH - 4 _lC j^i \ t \ Lul jJ_u j*JLxJLij 

(juifilll ^j-a ^-aixJI Ja-olll L.L^k. cl»LS> LaJ L^ul J_lj .j*Jl_iJI 1 1.A 

4-l^jJ' 4 \ > t _i^k j 4_jl jH (<Li ■_' ^ j_Q i L^| oL-uaL^JJ jl ucl .A cl a 

^J) w j 7^ Al £_o LoLx-i^j! J (dlJj ^jC ^Lua_fl i_j . lij A a Laic Lfl Q L$_JI 

1 ^j_»l Jl t J "\ (jLi (<-ua.^J s ^uuJI jxj 1 a> II «Lol_^JLfll ^ ^J_»JI 

^Jb 4 1 9 o \ La <L^_fl\_j ^LaC j.sT\ajj a^x j«dSi j-a| ^. \x II Ij-u Cj\ i iAIjjJI 

, >1 t ,^-s 11 6j^ i.ijj ^Lu^a A 'j-v ^ i ■ <j 


(_.I II ,^yc> IjLcJ j Tn, 4 i 4jaV-C <J Jj5v1 ( Jj_>l i — m jui 4-a.Tt 

,3->l^>-l»JI 5\j) Lxi <^4 _LoLxJI c-Lq J jlJI aJou* a ^jl .L 1 j& ol , JL^jI 

^JLslU t-L-uaj) Cj\ X iqLjjJJ <_LaJLoJI S^JJ&JLi < <L*Jt!»l j»Ut j 4 xjA ]| 

dlLjJb (3^ .4-11-* ft H 4 ilijtJI SIjVI 6J-A uUxoj CxJ'^ i% ui <^jLoJI 

s 

1 Lll.a.lll I jl La_ki <1 ^.~1 8 l Jra"tj oLi.aoL>_)U J-Uia^j L_il^)!icVt (jj 

Jj-« C-l i-o-jjj jjJI ^ i_iu ,l a -..^,LjJl > ft. .^-I_yjl J 4 I .o I 3L II olla Tv^t-o-ll (j-t-> j .a *> a.. II 

# J1 j| O 

jjt . j-*_> Iaj Vdu.i4~ j ,» 'UIL j iLoLij ,%J 4 r , , ,, ( j _4 j <ol i 1 _,!! 

E.P. Wigner (1995- <^j>«V1 - 

JjLuxJi Lg q ulvij jioljli! ^j).i<-il j-Jiill (Jjl 9 <_£ jJI < 1 902) 

«l»J jjj o' i jAL>jJJ <_JLsJ! SjjJaJI (j-a Jj-A jJLi L^al t <_ ljL) j i a 11 

* * _ 

<4jG(j 4_> A ^j-A ijjLijj-lJl jjaJI J oli-iALi^Jl 4 ju 1 4-ap^La Sj^-a-o (jl 

. de-v~ ..,"> Y^J 4 A(j. a j V liAj 

(jioj La i_ta **~il ^1 Jli Lejic dJjj <3^Lt L$J bj£s 2>£. (jjLLuujI dij 

■ ^ 4.11 (JjlS 4iil j-A jaJlaJl (2>£. 4 a(] 9 

V <oLl^sL» ^J l 1 ~ y£- * 11 ^A ^ 0 II 1 Ji A Qj> A I ^LQ uj^f 6' jajLt lil 

^-jJI Cil i ^ ^ V ^ ol x -l^L^U L^ » ^x. ^ji 

4 J 4_5^LjC V 4_j| ( LluCj) ^ 4--EM-C 4 J dLlj ^j! 1 aJ > c. VI - 1 ^ 

8-i LaX. ■“' t-v*l "■ SjLaJUJ .4 1 l.iu~ II i^yjB L* 1 1~I jjJj 4-x S w-l <Llt J jiA ^^-a-) 

(j^J^l (jJ .j> g.lVjLaa (J^L-^jj jX^jLlA^^J-o >-> LoJaC. <j j) I * a I La-ti (j^JJ-aoLljJI 

4lA^xa obLGl <2>^ ^ . ‘Ltj 1 a i..t Laj ■) Sla-l-a II 0^1 i Laj^-a 

* _ 0 

1 X ),A ->■ ~i j < oLj_uaLi_)Jl <La-m-La_i (^Gj«_a fl-H— fl . 4. i J i-t^Lil <JjL*_aJl ‘LlLi^ Vj 


4_La_aJI ^_s ((Ctl_i O'Lj-U <Jj) A -* a 11 j-t-C- 4. i 1 f .UJ')i 2 j1j i a i <JLSlj) ^_S 1 1 ij-A jJSlJ (1) 

<Jji. <Q-. Lla ; jii dial V Lil j .Communications in Pure And Applied Mathematics (1960) 

.,4iOui Vj» 




LiAJLa OuLaJj t L^jLlxuLlu! .mathematical ontology j^.j.11 

_ „ i ' _ 

ajLuui j .l^lo ■ al A >j) j a*. > I Lalj .14-1 i_jLxX jU Lo| lla I () n I * ~> ^iJI CjLlISjJLi 
4x.jLiJI 6 ^ ° II 4 '<* J_J |~| n -^<V J <«~i 8 11 Ij-A Jl a »~ .III (j-l-t f^jl-C <Ljl .(_£_)^.l 

:j1 tj-Aj > jjj ^Ij .J-ujIj Jjljj>j Lfj jL=>- 

V L&5> .4‘ic .4 . wVi Lax 4 -iJS V (_^jJI .*\_ft-aJ1 n~>1l^ 4 i~h ill CiU^aLi jJI 

(£ t 4^_ua . SjjJi 

i A U . -v ^ Lajjj .4 aj^ j > r CjL> j (_yjl_>5 jvlAx.c (_£jJ jj^J (jl ^ a lnw l LjIj 
L aC. 4 ij a j 1 r 4.4. t-..., a jliil jjj£j j^ ‘(J-5^1 ‘j' .a LjjJI jx 

(_^^j| ^ ~>‘t Ijj a /. I . ... ■ j '~ LL£ (jiijJ Ijjk <Hj_iL (jitaJ j V . ij-A JlLo J .^14 4 1 H-u i 
Lajjl-^Jj .*1 a i jJjlj-aJI jjJI j. i . m t .. | J .4_3 LjI^JI frl j M iVI (j-tc jxSjlJI 

j-ULjj ..iLlj (j X. jl .A ij .J^^j-ui^aJI 4_ujjl_tu dl_>j jjJ <ijj^l (_y^ £ - <(_$-J_jVI Spljill 

. Cil > j ALj^JI 4 aq5 4j[ :1 1 . ALij J-caLaJI liiA jl jl .‘1 1 lx 

UJ j-^3 J .4.1 .j.A.1 j^jiaxa J 4 II lj_A ^ i<V*i 1 4 aj tl 4_djl 4-lax^. jLa _>^l 
ij-j a i (_yj_ll <4_L^.j-aJI aj-A ajjj (_J-* C)l i .ALijJI . J-Jj^aJLll Sj_>1j-i_a ^-'— ■ Al^-a 

.4_ulrr> 1 1 1 1 S yu f-Siy, Li-. lx Ijj . Lfc^-4jja. ' >11 


^ S. '' p. > -J" 

JLojLLujLj pi \ nij (J_£lC I 4 JI Cjl i <AL>jJI 4 > .ul . 11 ^ I LiJ^II 

^ ^ S’ *j! ^ 

jljx'i' (J a a ~ . ..~ .J» || ^_fl 1 i i I 4 I HI t ^ (J-Aj ••• ‘3 .2 <1 .0 .4 n . 1 U II 

Si -1 ^ 

jax iJ .cardinal numbers bldxl L^i-uajj 4 _, , j: LH 

L^jjI jil .ordinal numbers 4 . i i~i jj Ijljxi L 4 - 4 <<x . jjj _>_aaLi*JI 

... jlojl <.X-k1 j (JlLa .4 a 1~ -4. a p. La_ m| L 4 . ^ *1 a,~i j ~>—~i J .4 a 1* A. a . 1 *U « I (j 1 j .JjJ_a* 

^ylx j i»~i > La |»JaJL-oj . 4 _l 1 i~ jLll jljxSU ...ijjjljJI .Jj^fl Jj-aj <4. til vjJjI^JI jljxjd 

& * 

■ 4.ill Ijl^ixl 1 ^ 4 .^-i 4 in \ tljill jldX^fL jlxLl 


j i aJ» 11 ^1 .ul j. 4~1 II jj) 1 .AL^JI Ijj Lajjaj .(Jaii JJU Lo^j 




< 1 (j) L^. i-^lj Ijj <4 m i iJ-ill jlj^^fl (JJLa. j.i.fl.oJl 

* * ^ 
e-JjJI I \ Vs a ' j .l(j*i.la A^j j .t. > I I fLajii jjjlj <ly° ^jj) i .^iL> jJl C-V J-A SSj 

(jj Syvio.ll <_Li.^_aJI aj_A ^jia, 1 ilb jJI ^jiiJLj (JlLuvaJI > <_>j_>J 

ot i i^iLijJI J_a j\ s<JJI f-Lii La jjJI <_JLljjjlill j|j£.VI a**< Jji <lLuia X .t. al *» n II 
1 i a ■ a a j 1" iLfl-jj-a-m j <ultraf inistic mathematics <jj&HlJI jjJ 

9 ^ 9 

Aa V lilt (J-O (J iAtt| ZjfL& ^-A <<L>L^_J^UI I 4 X. ^_Li (J- 4 -fi <u 3 t j l.ln 11 jIaC^M 

L ij A J Aa^-J V 4 _iLj Ll^j-C .1 j '^b 1 () >8 

^ ~ S ' i. m * -9 -9 

J^gaILujj ^1 4 \ ^aLjjJI ^-iaIj-JI q «a ! ^ (_ ) 1 j> aILujI 

,<jL^J^|Jt jl* U UtV j^p.lll [J-i Lo * I* 11 V\ Quu^J L^jl i^yC.Sl AS 

1 fl 1 flC. LjUj AA-t <4a_fl ciiA (£aJI Cxfl^Jl Hi <A*JI 4-iljLj Jl 

(jl ».j m 1 Lo LiJlx. J . ^1 fl.'vV 1 j <ti.i -t.i.i d L> a \ a Jl A J ^j_lJI 4 o Q \ \ jcxK J t II £_o 

<4 ^_s * JjIjul-uaj <t 1^» H ^_Lc. olo^Lc. f tally <. >1 -u>^ II Lua*_> 

<U«JVl C>Li^a 11 jl J^V L^Jt^ I A»\ m .S J <<!Lo iti I m A II 4 a. i-iJJ LaJJ£. cX 3 ^f 

^jj.l i ^| SjLi/iU <Li-flLi^l U ^ JLjuu ^ s 3 ^ -*** * La Jui£. ^yllJI 

*Lo!i . q! \ t <~\ II ^J-C 'LajP* ^ (\ fiLJI CjL> 1 ^_uaJI L>-^ m*t 6 ^jJLju 9 CiLi^^ 

• CjLaJLJ ^ olp^Lj (^Ul n 1 *tV I j\ id % ^_A < 1 aA ^.a ILc JlX jL^-A. 

\m >11 ^ . v^ll^ 33 ^i| jaJL» Torres Straits 

dlj^jJI^ 26 jjjulb II 8 jjjlJI ^ \ I aaLaao jst I I j*jj&JI ^ 

L-luL-ujI 33 b ..uX.V ^J^JcaJI i j ^ ) IjJb j .(^Vl J^LUI) 28 ja_»J! j .(^Vl 

4 _loLaj^ ( , Vn 1 1 Sbt£ J uS! \ W^Lo ^1 lit \ II JaJl (jl J -U - A \ a I 

9^9 ^ ^ ^ ^ ^ ' 9 

(j-o a" (j-lJI jj JjJI ( 2 ) La <cdJj jjJI iaLuilj . ^yjLlJJI ij-ali (J^i-L.iti II 

I (j i II jl i ti > <Jll)jjKJI jloc^li :w jlJI j LALjJjLUI jlj£.VI L )- 4 (j-^[ SjLiVI 

uLoj jJui 4 it M^pJI jl JX.V I ^ <J-a 1 j O-S^ I {jjb JJJtJI 

itjJX. ^Llkj d I a ^ ~ ■ . . v ^AJI <10 4 -xul— uj| <si Jl AJI (jU 111 .^1 jUI ^ j_»l_uaVI 

^ -9 9 

• ^ jl « » » > V I d i-v i^*i a I I , ” J a . , 1 1 1 d n > aL» < 1 \. li i 

* g x ^ fr « 

a 1 a ^a Lujlj LLJlc J j ail {\ Jl 10 JA&Ji ^-lc ^Sl^ol Axil ^jjuLujj\ J £- 4,5 



New J-a^. i v 4 1 a *ii .ft II <JLDI .CaLSI j_=»Ll 6J-C Ou JIjLq-S <jkL^fl 

cAiUI ^ q ^Lu^l I j^^J I^L! j ^ a l jo^ <jjlJJ -i-iA^ 5 \ /\ \ 9 > ^Hebrides 
(12x12) ^ (12) ULaal - mj' 12 ^^Lcu^l ^j jj»JI LjL 5-> .ixL^iVI 

IjA a. ^ -v I ^ d r. 4 iqL^ oJljjL oLuuV GO ^jajLdVI ^x3-d-»bdl ' '•v jjfi^ 

oLJjj 4 _aj^ .<_uL 60 ^Jl a ft.iftjJI ol ft 1 4<i^ <S^>jIjJI^ o-fi^Ll LmLa^ m *5 \ 

< J ^-iTk\ < S ;«a.ll J^-^J L?J^~ ■ Ltl ' Qul JjH J iii J I <j| 

<5^2 Lq_a ^LJj^I ^U-luLJI) 10 ^jL uW! ^ , * 1 nn L Al j -^kJ <^j i a jUj ^—o jJ 

11a^ <(3 j 2 La_A jjLxJj^l ^ jj j l Vl l) 1 2 ^jjjLaiV 1 X \ ml 
j-y-t j»J 60 ^L^.yi j iti aJI i, flr.l i A a II 11a (2x5) x (2x3) — 60 

I JJX. ^jajuuiJ \as± 6 j ,iV\ 6JiA~\ r> pLo_uj| a 1* * <_t lL-kJ <^*^-0 ^x 11 Jj.ll <11x11 6 jLlLxJ 

.(0, 1, ... 8, 9, ",... * (bjic 59)j 10 [60 ^1] ^a Ul^ 


<(19 = 20-1) ^a L^ 20 1 » 1 q > ^ \ tlxi^Ul ^jJ^ 

20 j^jLtiSU jfii j^h. .i_i xjj2JL <(4x20 — 80) olL^-atir, <j-»j! 
^1 £*>iUI iilJlj <Score (20) J-oj tXjuil 

Wu»a 60 ^LuiVI JljUj ;60 ^ iJVall tresintyve ((Jjj-it <_yi Ljj-X* 
,ji Ainyj ^ Inuits^ Tamanas of the Orinoco J< -t. 1L> 

(J aa! .mi (jt^ ^jJI < j^-i^-LLua. II LiLcJI <_, »a..i.ti Lai .i,*l> i u*s oJI Zapotecs j (jjL>l-JI 
<20 jjjjLlu'VI J « » .*>.<.< i (jl^-s <0 5JVJJ <A It ‘S L Af Lj 4 a i j a~ 1 

Jjl^j <20x20 Vjj 18x 20 (_yic- 1 <n <-uj-a ^cjlLaJI^ <iJli.ll ^_JI 
■lcx.k-i.i .1 _) “t lj) >1 ^ A j <18x20x20 ^ 1 r. 1 <n jujj-a 

.18x20 = 360 ^_a LLJI <\ . u <J^Jo (j| jl <4 j^JLbJ1 oLLu^JI 

jjj < o^Lwuaj < « i jk-j^Lo ^xc j^Lua^l ^-lc. jjJl 11 a 

* *• * \ 

oL^Lc ^^JL-ua_> IjjLua <LjUUI ILftCl l^-aJa_XA I^jJ_a ^ CxJ ^ A ^ 

t- *L 

|^-LqjL ml jJLfl i 11 Ll a ^ "M A 9 ~ Ifr.j.Lc IjL i., 1 1 x ^LA \ ^Jx. <aj!j 

# S' 

^Lt <JVJJ fll ml JXjii LfJ ^-Jj l ft ■< « « H <-Sjj-aJI (j-« <x.jL <1 k.xajs 



-s ' 

j_5-Oj l^J (2)LS <4 _iJ_=»_iVI CjWjJI (jljj-iJI f-LojJj (J-oJLi-uil j 4X-J ny 

(jlj II* .(muriori) 10 000 ^Lc. iJVaJJ Mj <(deka) 10 ^^lc. <JVjU A Jla 

*. > * 

»L3jVI ij-a o Uu J->~> . l l 6-° (jA^. JljL« 

<1,2,... JK-4.^L> JjVl I g i'ki <1,11,... <Ua_uil jJI jkl5j^l JjC. Jj * «i ^ .4jjl_a^)JI 

jji T, Mommsen (1903-1817) ^ >1.^ )VI ^ ^ 

jji j < L ^xlljl (j- 411 - 1 «^l ll j-* X(= 10) (jij < j-loj xu,u j_J J i*>-<ui ^_* V(= 5) 

^jsjJI Ij-A ' a ,xs‘. D( = 500) j (I) J"* ^ ■ a. <0 j-ojJd <"< 1 M(= 1000) 


Jj5 Lo CjIj !jl dlfjl ^ 0 >g-l= <i^JLJI liolSjl ( 2 jI 

«4jji^>jC.» LflJixa-uiJ ._n x<JI j .abSCUS jlja-ail ^LAaj I (j 4 i La-ijij <£_luL±JI 

# 0 

^ i <nfl IjlII idJj g- 1 . a 1 a I I 

s £ 

jljX-VI ^><1 ^_> < <~» Jj_ks1 (jl £_ 0 j .A fl t» I I J l_jl " . *£ L I £yjj. IJJj-ll 
' ' * " ** 
jLaJjl 3 (jjij <^J > tQ4l £j-Ij > -n-lt (j da>a. I IjLaJjl O-jlA Lajj 2 ,jl 0 j^=sl^JI 

Jul£. LoJijc. JJjdl <La i t (_y-l c - (j-tJ«jl-2 O “M II U* -I fl j-a 

9 4 jj-o jljbT.^1 jjl ^J-J-1 <^A l j_o j <4_XJJ_<JJ 4 -> n I t 4_*-jjl (j-o _>J^I < Uol_3jl 

S j I i , y. I I l-jU-i II ^yo ic.ytv'y JlI JK.4,£ 

<-j jTt £ - <JI (j^aj- ^a - ' JI ^yJI I— i-j jl ilJLaJI ol 

^J-S OAaj ‘Lj < 1 14 . II oLLl^JI Jj-o Ij^. S J ^ \A j_l -US jj-A J < ,.\ I ^ II <L-i. a . & 1^-aJI 

<uSLJI 4 hi >-l I jJUl ^ As oca S-l^w 4-ui^iLa oljUc 

^ .3 235 ^Lc. ^Jl 273 3 ^ difJI ^ cwi. ^iJI ^Mauryas of Magadha 

- ^ i „ A 

^ 1 1 fl-i 3-° 4. ^*1 , it 1 a 4-iii j^lJI C»lj l - iaJ l ,(1-10 

(L» jjjl ^-11 Sj-a JjJ jIjjc .^1 o-oj5 j5j 3 -^ 

s# 

. i jl 1 ^ i ■ aIj II 4 K ,„| <U-JJ- 1 ^ j ml « II (j_>^JI ^_iL^_j ^j_s <L-k ~ 4 > a 

jjjljJI ^~i-.,i4l-u.i L»LJI jju Ln-i a jtj-ual ^jJI <G. of Aurillac (1003-945) 

JlLs . JLaX! d < i A. a II jjiJ '"I x II (jjJLll iilfj) LiJJA. 4 -a_fl -<JI <1000 4j_io< 

^ "31 4-lkal -k a II jjI ijjJI 4 ,A j l i a I-,.,,.! dJJj j <i.LiA^~i.l..l <_a u x«aJI ^LsjJiVI ^ 4 -0 




( 4-LJ^C. LqL 5 Sla 4ilA.ll ( jvLfljVl Clt-Ju-i .1 - 1 0 J ^ Ml II 

4-fijUoJ <Li Jp&A 1 1 4->3> A 

^-oLiJi jj ivrJi »Lo_aI j^]\ 

L^! t?\P (‘LSjt i»Jjl j\nu A\ 

^ t *xil^_o Cj- 1-^.J 3-9 j (J^LusJI J-Lfl dJUl 

^LUI j-l-v ■ ■■ 11 « > » j .4 a a aIj-jJL) d >^*‘» < C a.] I ^ui 

^j--o ili J--J < jlL.t_ft.il J_a_j dJLl.ll (jj- 3 JI (j_o I — aL_ 5 jl 
..Uttar Pradesh ^jIjj jL jl ^ 


I ii + w 

--» } h <i T ) ) 

t <: 2 3 4 5 6 7 8 9 


<LljIj|- 1 jld (_£ jjl ' * ' Ju II <_j » I A II p f j .; La |JJ J-Jl t*i I i^l t-atl I II |-> I |Q.< 

<Codex Vigilanus V L£ ^ dLut JdcSU 3<d1 (jl^j .L^i v L^aJI jJc 
.976 jxlc. 1 i'll i . uLi Albeda IjliaJ! _>jj ^ Vigila ^jjtljJI <-L ^jJI 


i^k-us ‘UaJ^JI (2)-° c ■' dJ zero *t a cjjld 

ji ..-II .~ < C . ^jjjdl JljLaj < 4 U 3 t |J_a^Vl |^S i_ill5\~ <0 »Ii ll—l (jVI d " 1 * 

Jit (J1 . 1 _JaJJ! (3 i d j 3-*-° ‘00 <-)l :>^UI j— °J i— J-ij .‘Lla.5 i ^.LWI &J_A 

J. Wallis (_j^jJIj 33 -?- lP - ? 3-* 1655 aLc. L$_J 3' fl * < "I 33 3^j .jIj-c.^1 

"* ' ' ' ‘ ^ 

£ i >i ^ (3 qLi jLi jm\ ( il </^ll <(1703-1616) 

Tract on conic ^^.IpaJI (3 (3 <<j^.Ltl i uua^JI ^ m ^3-q 

Lojj^ ^JLtxu <\ > t_a «o^J ^ j-A jLllI .soctions 

.^3^1 6°-“aa 31^-^ 3-1 ^ JLJ dJj 3^ 


. 3-“l_>-L> S J-*_i jlj^VI 3_ta. (oLi^^LjJI ^y-4 6J-A^ cAI iti-a.ll OtAj 

d ^ ... a II J £-j_io_|l 3 " 1 a ol I 1 of 31 n niLi d ... 1 L II jld£.^| . I ' -n. ~ . . .1 . I , I . '1 3 * **■ J 

3 ~> ^ jJLl ijjlAJL Jji oLS^Lc. Lfl jIj^-^I 3 — jJ jj LliLs 

jj-Lc. L^AjlIa 1 I a J ~i <*■ — ^_3 <oLol J t." .<iVI 6-L^J <j3^>jJI ij \ V jl jL.'i 



jLuaia.L> <G.i t .o t~i.A II j fjIacVI 5 j ■■*-»■ lei ^j| - 4 ul i it-JI jl>i£-VI 

j>) Lljj^l j ^_s Ji-iJI Ij_ 4 jj-S-ij jjl Ljj.c .1 j m j I .a - x j- 2 j (2-1 0 JSLaJI 

^ ~i.» aj i « <LlC }L> i) oV jLxaJI CijLS (CjI i iALijJI jvlaj Sj5( \a II CjLSj^M ^ J . A .a i.u' 

Lojlc. ^>jS 1 iii. 1 ^. yi5 .oUKJI 4 .U.iuI^j a-vaa-A 4JL>_>1 »-i \c. j >» i 3 ^ Cl 

SuiLiJ) ^Jl CjJI ^Si SjLi^Jt 6 J-A ^ <Cil. J AJ> II ^-Lc. ilVj-LI O-oJfl 

.l^JLaJUdUil 

* ✓ 
y ) & g Si J| 

<J_i^ 2 uLa i-a-^h t I 4 IxjLl^ J If. et <LaJ^ Cj-Lj-ZuI Laj^> H" ^ t\ -V 11 S^L-il 

Lol 0 i a JA J1 J^-SJI Cj^io oLL jkA - o ^ L$J jj^-k Jjl 

X Jl 6^)1— O-jl^ Lojjjj . <4Jal jujlu (jJ- iIu Lcj^S S^Lcul 

^jt!£ j < A H L^-xfl jj_» ^jJI uj-j-uLuJI oLL>% ^.s J^aILlu-o ^j -6 

W. ^LJj 1631 flc. ^111 clavis mathematicae ^ L$J 

jJS^ .<u-LuUJt S^JgL. iaj-aU JSL-i ^^juaw-o <0ughtred (1660-1574) 
ik. Jf^JI 51 G. Leibnitz (1716-1646) .u^i. ^UVI ^L^II 

Sfj-> <lLa11! JLoaILj-uI 1698 j*Lc q^LsI IjJ <x ^ x S^LJuVI ^j-u JsJ^Jl 
JL-ojuL-ujI LuojI jj-a. jJSj .b L o a a. < a.b Sj Lv a -I Ls I I S^)L iL) 

^L^xH-i-u jc, — r~ ^L*J) JLojLL^u) *LS A.iiJ a Aj.t. fl . l J I ^_o^JI 

ip ^ M ^ 

.1659 (£jj^Li^yua ^j^aj <-a^axiJJ 4 i J o » J lt.il ■ u 


O^ojji 4 (^u^LuiJLo 4 1.^ ■ .Ti. aJI ( 6 1^1 ii^l l A^)L-wj| Lot 


^3 J<_',yi <uJ ^Ul The whetstone of witte (1557) (_.Li£ 

A j i l*t I (jJJ jj^JI * ' r (R. Recorde (1558-1510) j ^^51 >^ 

l^J i/~i j ■ | ~‘t 11 3-° o-° j uS II i i.*\ ic.^u(j ._■ 1 1 i*s ^jJlj 

jJr. ^ <j>aLo (The grounde of artes fThe Whetstone I ^ u ^>) 

(dJj (j-a ‘The castle of knowledge \. l .--^ J 1 

. 4 ( jc <La^lja-*J) |_| i.i a i "*" oLo 




d ifl II j|jx,VI 




-2 -1 
uJl jUcVI , 


... ,17/19 ,1/2 ,1 Jlo ,p/q :(4 jjL»JI <iLiJI jLcVI 

,6 <7T 2 (Jj-a ,p/q J < - £ .1L Cm^uJ :^<jjl*Ji d flirt 'i all jl.ic.Vl 

... <y/2 <1/2 (J!La 1 1 CjVjLxaJI :Aj^jaJ 1 jlwiC-VI 

<6 <71 Jaa <da j - L-^. )l CjVjIaaU VjIa. Cu i ^iaJ L ^aJl :4 jfl Ljiu <J l jl,j£.VI 


jljX.V! J 1 j_A LgJaLfla ^JlJl jIac VI ^j-a <a-ujaajJi ^IjaVLI <_ao}Lk. LiJb .2-10 <u 11 

jluiC-Vl £ > <*->" 1 LfraLi t <jil_Luj I *-> a I \ ^_Lc )J aI <>i i I Lfl a t iii jjjAj !j_*JI jljx.1 d a .a.i a i n . ,1 1 

«■ £ ^ 

'd_n .,.*' M jt / 4 'Ifl* II <ULa>1 ' ^ * ■■■' ^jjl^ 4 a U A 1 1 J lj£. V 1 jlj£.Vl £-Su j -d -i iXtAil 

<ilj^ ^J^Vl jlj£.Vlj * >>tj JJJLj 1 (j If jj > a 1 1 1 jld£.Vl (J-&J < (d^J L*JI 

^j-o 4_>a ji,,i£.VI ^^^aa J - d a >1 ... 11 £_a_uaJLi L^_ic. j_i_lxaJI ft j V ^-ill ' d a L \ a 1 1 j+C- ji.JC.VI ( jJb 

S ^ s s 

I .U "k ^_jjl JoLflaJI jJ-jLaj <dJflJaAaJi jljX.Vlj d a U_\ _a 1 1 j|jx.Vlj <d \ -> .»/a .11 j!jX,Vl 

1 tlf. iA^Jl A.t jlj-C,} l jJb daj.i.^. II jl JC. VI . (j-i-A IaJ > V I lalfaVU! ^ya Ja a a [a i jjj iaa 

ftj V ^ajl jlj£.Vl dua l ■<!?! g JI jljC-VI^ <^7 4 j utiL^JI^ (jAtJI 4 jj ^ II ulaV jl * a 1 1 
i d flL.*i /» U- iAxjj d ai~.*i a jljcJ djjjaJl jljX.VI jaXJ .<_>j_uaJI O V jl » <i 1 1 1.^ tlf 

■ d ai-~\ a ^ \C daal <uj all jijC-Vi 


g j 1 _ji 

1 (j ^-jJI < LUL^ iijJLoJI £l jl .<.«.4 lJI S^jLoai[ cuL^> ^ j ,s^ 

^jJI IxAj tX JiW , <M . ~\ Cjl ft, i <\ 4 6jLxiiV 1 ^_o <LLij_La (jJj[ Jt <1 

.^LfriJI La jLua-ul <36qualis < oKI ^Ll^l^.1 

j- 

(_yu-fi j ,j-o . ■» > . I— |j|j_cl 4 I J .nil II jIa£-VI a-a. 

jja 10 <2x5 = 1 » j i lri JAX. _j-4j <2 + 5 = 7 UA a. j j *■ II 

S 5 5 s > ^ 

(jji 3 Lia.jJa lj| .1 '*C A J I.A i.i ^ 1 a i IS* ^-jJaJI ^ » ■ » t~ 

4 ia i^i II 4.i» >.\J-i II Ljjljal ^ i-k ^-uiyt I j Aj <1- Jja-i Ijjp <2 

.U-fc 4_Ldj_o 4 ,t, II i ii. II 4 t i^i It jlxtVI Cj-jL^. (jl J_» Vj ."2, -1,0, 1,2, ... j 

.p.(_y-uj V (j-o (J7: jjjlSji (J i_i»-i^i II (j. o Ij .w J JaJLfl axJL) (j 1 1 > » n 'I jxiljJI (jV <1 (j n i ' a~ 


^ ijS 

jjp <Jaii 4jJtJjJa jljX.| (_5J^ 4.1JI t ii-> II jIaaVI 4.tl afc (jl ^_a j 




< >.» _i t-K 11 3- 0 subclass < .o-'i j.r^ j u ~v ^J l >j. ^ II a a ^ 

(_£^>-3j <■! » I I jlj-£.V dll 8 f.l ..A o O ill 1 I j)j_£.l tj-&J < <1—3 J ^ I jlj-f-Vl ^.».|||) 
2 , 3, 5, 7, ^jVI <3,VI jldcVI 3 U »i£*j -Qii ...<•> jIocVIj 1 
3^iJL <ic. 3^1 3 ^ 3 V lll^l .jioJ <ku <15 ja*JI <11, 13, 17, ... 

3 -ijAc “Lie. jjjajJI 3<1« > V 4jV ^Jjl 1 2 < J-il.’LnJLij .3x5 

£-JL» <4_d^^fl jlAC.VI CxjI^ jiU> m I n 

*/"**''* „ , 

((Cjl^>jJLi)) LoLaH t j j i l£ j-Lu j j_i_i Lfj^f t 

L^xc p- ^ . A , !> i /jl (j^-^ jLicI jjj-j L$-j[ - i LJI jl^SU S^L-VI 

A 4 t-ixil ,<,^1 4 /\ L II 6JlA .qj jmaJI 4_ \ I aC. ^ .C ijl J..J-C — jlj-£.^fi 

<-^,, v- ' Lc) L^cjji i jLuxxJI ^Jx. ^_s 4 xjuuI»uj V I t LlAj,.Lfl L] ^LuWt ^jxx<qJI 

ijdt 3e jl>iC-V J t i_l_)_kA 3 .oi-rv ^A > ill Jdc (J^ 31 ( _yUlj 

^ ‘ " ' _ 

<aJjl jIac.1 <_j j-u=> 3- jLCi ^ a ‘ <Qx. j i.'A~»..ll 3 <L^.» <^Q-« <9 365 81 1 3^-° 

J* ^ n q 

^jh 4 \ ini , nVl <lLaj >-<clH .(3x7 x13 x29 j_a <J1 ..•%-.! 1 6Jla Sx* j 

^j-ooi^x j i A*i xu3 ^1 <4*Lv i^ll coding j 4 a^> v. li^ cjIp-I^aJ ^oLujI 

<“J * i-^si a Cui.u J <Lx!j^fl jiiAX.^1 4—ujl^Jt^ t5> i-\ -i^| uj-i^ 

<- 

CjVI xoSVI 6 "t II 4xoVI oV^tkixl) d^Lui Lj-il jl <4 xJLxqV 

. J3-U 4 -»«--> 1 -y II 

3L> dl~L A ;j!^)Lo <4_jJ^yl jlj-C^U 4 _Sjj-3Uo 4-X.^_ULc oLxuqLx 4_xj 

6J-A . (4_xLaLk Jj_i L^-ULljI ja i jkJ C0njGCtUr6S CjI \ <o a n II 

6 S :4_dj^l jljuC^/l ^j-6 J_lC J-1C ^-Lc. ^^uJx L flt l^-fl olxQJA A II 

liA j - 1^ l.xli.cw (jJjl J-l£. .L_isjj 3j J J III" jIac^I 

3_o jj-Jj! j^-A- <Mersenne prirnc ) x “o -0 uj-c. ^.1 c 3^-^° uj » II 


C5J^1 


jlxc^f ol a f.l 1 A .a 0 . 


1 JJaJI {jA JJX. ^ ia!i (jl \ <CV ljj£- 1 JUC I Ijl <bkXiO <G.Aj^oj| (j^^J (jJ 

i Jaj J j-fl ‘>*C I i <_iJ I jljX.VI < La!iL5 (j -a 1 pLxL-uj} c^Lxui! Ja. 1 Ixij ■ < il II ju.i.1 ^_Lc |Jj) iAxil 

.CjVIaJI (^aJU Lij^xo U jl ljuxc Oj L ioj 44 
L * J *> S wAJ .fl I j~A jlj_to| jIj JjL-ij tjVI JJC- ^ j*-* {jl OJjl Ijl (3) 

http://www.utm.edu/research/primes. 



"> 1 4 ^ jj j J l Ij_a <. a ..A " ‘nI .^_5j! jj-c- «L_uiij p 2 P - 1 <<■ II 

|iJij 4 Lj-oLol '■ ^ *' 3L>L£ 4 ~.J ~ ^ Ljjjl Ijlj <2001 ^Lc. j .' ^ '* / ^ 1 " II 

Ij_a p -%■ — j ■ ■ ~ <t j_ il ^ *j <__il^j_fi ^La.~i j».L5 jVI aj-Aj <(4 053 946 _j_a jjjVl^ 

4 » ~il ~ «~ . A - 0 H ^j_o <iJ>JI S j-LaUI 4_lJjVI jlj-C-VI u o nl"l . )[~ *^-11 

j juc. LaSlj ^j£Ll ( Lg. ,i_i oLil i n o il cj jl j 4_J jV I 1 \ r V 1 L a . K j .titanic 

< ^1 * o i <JJ.» .11 lj_A ub ^y- la J> , « ^ J J-.4-> JJX. (Ijl <(J-SVI (_£-1 a. ‘^■Ij ,^-ljl 
(jj j I t ^)_i jj » II (jj-» < I ,_y-s jj-c. 4_j| jj-6 a_) 

jlj-cVI jAj t ,4_d jVI jljX-VI (j-a (j-u}l~a 1 a (j V_i > J^o. ^_i £_3ljJI ^fij ij 

<twin primes 4 _laI^iJI iiJjVI jl.ic.VI)> (j-a j^^j .L*-a 1 _^, iiJjVI 
(j«s> I jj ^LJ jl (jljj-c. 13 <11 (jLs I J - *£ Aj <2 1 ') ii jljx.1 (_j-Aj 

.-. ...A ^1) twin prime conjecture <1^1 jUI <lJjVI jIj^VI iili-a 

4_JjVI jljx.VLi <<LjJjVt jljx.Vi j-© 5-*-*-° jjc. J^a.j (_ylc. ( ** *' 0 ^ A 

^ g 5 Jl 

jjjJJX (jt-S «<jVI . 4 j ~ ~i a j_lC <L$_l1j 4_<JjVI jlj-cVI JJi-o <4_i_al^yjJI 

33218925 x 2 1 96690 - 1 I * a j j u j J j-: 6 1— j— Ijl 

jj_c <2002 f U jrjjJI I j a , J-jt, ifl) 33218925 x 2 169690 + + 1 j 

.(Lij 51090 


v < Mi~*sl <^t!LoJ jljC.iU 4 t ) » II Jill ) 1 <->l II !^ya j-uSJI i yj I 

<^jjJ^j J-^al (3-0 (3^-1^-oVI < t 3-jl \'J i- « il jjaJi (j-ic 2 _ujIjJI JLj-iJI jj 
^ <1 JjVI jIjc-VI ^ ‘ S ' Ulam (1984-1909) <_sX«4LL-u 

<2 (jjj-® 8 JJaJlj < 4 V i-o i (jJI 2 JJaJIj <3^ J^JI 1 JJjJI ijji t.-v (jjj-L^. 

<4-iJjVI jlj-cVI ^ > o O-clLc^j <ljJ$_Aj <4 jl mi ^Jl 5 JJ-*JI J <1 (J^j-S 4 JJJL II j 
j^Vjl J-QJlLiu' JJ j .(3-10 J^JI) 4_i_jisLS Uj I-. ^jg . al o U . .^V I ^J| ^ ' o" 

1 ni 4 i 4-ii , i~‘s i 31 E. Teller _>Jj JjIjj) j-o ^T tnl ml j II I j-A 

j , B _ 

. 4 ii L.yjjSxJt 4 1 Tit jl a ‘I (J^. i .■ a.; 1 a y\ 


(3>^> L o.^ LoLojj i_jj i^> 1 1 4 ) ml— mV! CiljjJI (_j-A 4_iJjVI jlj-cVI 3 I aj 

g ^ ^ - 

4 i I o f I I m l m l ' ; jj I— «-> j 1 (J^ j I A < | /_ o -v . 1. 1 4 < 411 I kiVI A^gjJI 1 J J X Jl 




£-51^-0 jlc i— .3-1 0 jJixoJI 

J-* 0a£[ LF* j1j£.VI 

JjU jljxVI ^_sl jyj* .i—i . l ^ 

^jJx- uiLaJa. ^^1 ^J-a-a-j <_aJjVI jlxc-VI 

4 0 L \ A 1 1 C J.l£. < <_>ji=l-S Jo^JaA. 

L^_,t_a «LaJjVI jIj.c .^1 ^_lJl ct\ -lA .x-x J I 


^y~L-H—X l tAdUJJ J-D .tl-ukjj «L$-10-aJU 

^i >_-i *>j j <JVj11 ^LLjsVI 

** * * * 

. LtAj] ji JX.I Jj-uaj jLs 


r 

(jjlll _ C.Goldbach j“LjjJ_ja 3^ ■" "■ Z ^“' a ' <^742 ^Lc. ^is . 1 -.Ail ^ » -» II 

<= # 

Lfj cjjlj 5JLtuj j jc^i < < 1.1 Ia Ix a <ciLSj^I 3-° o-*j l j^ <3^ 

^ L. Euler (1783-1707) _>Jjl jjLjjjJ o.>-«r>ll ^jljJI <_gj mij< ■■ II ^ .< ^J1 

oM -3^4-$ £ j ■ ” - >-* j- 4 2 <j-a 3-+^ Ju-c J-^ 

II r£-l_)_j sVI lj Aj .3+5=8, 3 + 3 = 6, 2+2=4 ..., 47++53 =100, ... 

jk£ < 3^1 31a. <aLdl ^ |J <Goldbach's conjecture qL>J jL <114.1 0 .«.■»> 

Jjt 3-° <.?t.itiLj <jj)« ioII jjl jSxjj ■< ‘ia-w.«ll 6JA (J^J CjJjj < J 1 j A a il + J) ^ ' I 

.^_coJI <j4oc. 3 ^-*- juj ^4a tfjSLI <i_ij-.^~< 1I ^. jfl i - n 3-* 3 ~ L V"‘ jIjaVI 

:<Jjj L> &1 a- .L 1 > -.. ,j w i < n ,i ii jj-it VL^a 33!* < xla. a II 31 

V 3j£ +5 (^yjlsLAil 3-° (jla-o-i < ‘i -g -^ - cJ l 3|i 3-°^ c^Ji V uis 

^a 3-* 1 * ‘1 o' <1 -.A-tl .j-GjJja. 3^ .<411 <- n . _ i. -^ _ ^ji 

3U ^Jl I jj » J — LiSj^* 1 ^ ~> a -v fl II 6JJk ollil jljx.1 < 41 Lj j 

.(jti - ! >1 u 4?ll a 3U4 3-^JJ-ll 3 ‘4-iGjJI ijls 3-0 _ i-> < 9 Sj > t*\ II jljX-iU qJLi^o 

.1937 fit 3Jjj <I.M. Vinogradov (1983-1891) uijjl_>4^li! 

* • * 4 ~ 

<jlj£.^(l 3^ I, A l..l iv I 9 1 1^. L^-tl _)-^.l 3*-ilo JUX. la^uxi 3ij iuA 

rational numbers (<jjbJI J 3j % .all j\ <<alUI J'j < iLl II jIaxVI ^y£l..l. U.A 
^ -l.Io .i<~\ a L-j-Jl — uj! i o-x; 4jL^ L-A-ij f ratio ^-o rational < ^.1 





: 429 . rt.il ajc 



jlle^l a <i I "■ aI K j. ^jJI X *"■ ■ L^_»l jJb olle^i ai^J « r sti o n 9 1 » 

3/7 = jj_. «_llj <1/2= 0.500 000 000... :,.t ? 1 1 j 0 l _v ilj_JI 

< uLia1 \ jIjcVI ^ JLLijVI <_JU33 J^V .0.428 571 428 57... 

La jjJI jjSLl" jlje}/! !^ya ii^ALo <jJLaLq J-\'i (jl jl <<_La_jl Cxi^ ® _>j£L> (jl La Li 

.<lll cLi 


— < ' j <6j 4.1 * a jl cl < 4. VI jjLa-aj 


*/ O 

^ & oIjj Ij| 


^ jjJj j« un 4 <i <V> J \f , <LjJ J l i_fl <JL>1 aiaaj 

a t V (j-GJ <■ Ol.kll Ji-ft ^J-C. ^ Jp V jljX.1 < La_i J-A <6 J.1 

6 J-A ■ * c .^T.-lCI ^ ^ j * »• ula 4_ x _< i_i_\ 4_A_i_ju^_j i \ f. tx i II 


& 

03 ^ (jjjJI < N ^-A irrational numbors 4,^laA-<JI jl%i£rVI 
jjS?i u a ■ ■ •" < 1 1 il U tl <jlsI jJI <jjj-aJI^ Croton sLi.~t.l 1 l jS <jJi]l 

i & a L ~. /. 11 jl^xc^l (jj-i .*•■! A ~ ...Wl ^Jl a ,\ i~ i ii a |t () i i ui 1 $ cuts .(Crotone 

^yJx. iaLLaJlj jt-i \.i.~i .lie 1 1 4*tj ijjn a .Ti II j\i ^tiej 

u> 

< a.1 X ~i La 1i_A^ LJ j) <<A j II (je. ll » ~ i V Li £_aJ_ujJI ^^-C-LaJL VI ^Ti il » ~i Jl 


(4) 


^■t (j i 1 1 CiLij^l (j-o (jLLc. (j-*i.1l (jaaj <r~ia11 ^ya ^.li i ^^uj^eLLta 


- S J 2 j_is j <2 JJ » 1.1 i- i^.l . 11 j . 1 ~t 1 1 ..a it 1 1 *1 1 1 a,' if ItUb i _j^ 1 j .\ ■ ~ (] 

<iic, j\ i x 1 11 a i Vj ^irrational ^ It i « j\. c. lie <1.414 213 5... ^jLuu 

. o Jl ~ 

ilie^fl _>jjS <_ijji4 <(j*-aJI *lUj aLcj (Jix ^jlaaIs lie L.i.i. 

l3 J <LA_^l=aS 1^1 a_)jlj Li~t a <■ i < 11 * 1 ^ 71 = 3.141 59... L^.*ia.a.A (j-° ‘ 4 .a 1-> 'it I J\S. 
j»Le ^La_S jjJola jj£ <j| Q itij <1737 |kLe jJjl ^jjo K jjsjJI jl a~i f 1 
JjLa^aJI ^jJI^ l_4-a-j| 7i jjjlJI <JLU \ a. II j ' r a.u A (3-°^ < (1767 

oULijUlll 0 — 2.718 28... jjjJI j <(1794 ^Lc. \ a 


<1^_ a U^ l A.~h J <i j V 4 i iC. LJ (jVI 4j a .LaLaj I t > (4) 

'ijfc J i jiAjj Jlj tW «tt^l ^jLIj CjI i a*S j j j ia j /C> . Lie. J <lljL*_al A-t&Jb ^jSLoj 

■ ^jL.,1 1 3 J~» J i m mi ij ■ < i . ■ ■ 

<La-fl J 1 589 4 a i \ IL 7 ^-Sjjl Itl-LJJ i-_ivl Sjx. K 4-ftxfl 1 jl Ilia (5) 

■ 4Jj aa-1 <4jli_o jtlijl (jSJ <l:lja J-Ijl 


^ *9 * p • M 

^jJjLaJI £jq tJyi'Vi.a ja£. Lo I J,XC (jl CjLxj| <_> % ,<^i II ^ < LxJUi_JaJI 

a 

,dlJj?£ 0 !jl Lo Jfl llij La-fl ja£. 0 ^j| 

> > i 9 a j 

i ft i a u"* <<lJLcJIj 4 ^ j-oJi /4~akt.fl II j_lC ^ A iiai-a II jIjlc.^ 1 ^-a-LuTt 

(j^a / ci t a i v-v it jj-rfti l^j .real nurnbors a v A-i.i.rv II jIjx.^1 <^JI 

* ' m * * 

C.Lt.ry i -<h a -U ^-Lc. <-U.Vu> J!laa <GLj JulC ^5 ^ >*\ SLjJI It 

#< ^ 

JalijJLS / 4 i a > a -v I I jld£.^l ^jl UA. I I ^ic Llj-o > LjjsLa_»L> jljx.^1 jj^ j>Jr->l.»"i i 

dxlj ^yJI ,jLau_iJI 5jLj-iV (jO-sLj ^ya ■V~'-A.*l ,^-iAILi.u -a II JaiJl I j-A (j-^ 

,4 T\.->--w II _ ‘tVC-a-a II jljX.^1 ( _ J _Lt (SJ~ ^ <(j iaj.1I 

£ - * „ - * 
a! jLu.a -U A. j^Jx. JaLa.u 4 .a i a I I jldc^/l -^J u! ■ 4.aki^ I I ^jX, ^ 4 a i> \ a U [jj 

<4.$.l.Ti rt-aJl ia pi i duaLs»> - 4-jui.la^ 11 ^1 ,^-fl <L a-uuLsfc S j} . U ^ ^_A 

£jl - 4 a fl-vJLaJI jtjLcVI C)lcjAa>,a jxli fJaijJI c A- C ^ -a y.^ 0-*J 

Ij-A ^ ^iaJI liA-A clLLt-ui /._>! ^ It ^Jjc ^j-g Lx.j>_S 1^4 g-JLa_j 

^jJx. jSijj-iu Lij| (j* a ^x.jJI s '-jl <_SjJlI <jl t?l> I C. £)JJ~i > “Gl SjlJ < Jxa^JI 

if if ^ y 0 J c 

Jlo ‘ ' ~ 'I ' ■ Al tj II ^ya Luouil J^b.1 lx.j_)-S 4 I a -j. a .A". L^-jLi <<-1 il.ijj~>. jlS-S 1 

* * 

LLsj^j -Ij ig$ ^ .m jl • it ui ^ II jl a. a (jLi 4_a_ii=JI ( _y-Sj . (4-1 0 < ju i, \ ~i (j II 

^--w-aLjjJI LfLiil I^yn (Jjl <<_>l Aia. << mI ‘iVtuil 4 Jl-A J_)_aj 
fJUJl I fl-.J f Uj ,1915 f U L. Lowenheim (1957-1878) 

,1902 A.T. Skolem (1963-1887) j\ * ^ in jJ* 

l _ya S r.j A -X ^ ^ I r ajLj_i a i /. il ... -s. II ^ I f. OX- 1 ----5A ,. I f lj a II /yc, > 

t _ ' \ s , - 

p 1 « ~i j.~v ,A 1) L y* » i , j-a. Jjj kaujj .axioms ^ol, i.fl all j oLal±m jl 
iilj^xa.1 ^-il jJ iiijiaJI <ajuo 5JI pi 1 1 af. < t* i <jjJ) jjiiaJI ^Ij^JLxul 4 ' a i*\ 

<L>la.C ^,)j i*i ^iljJI liljLfl a-aJ xii - jxJ_a_-| >^J ‘Lj_A j_laJ LLs j <j| 

(jjjlsjtj <^.1 I I 1-1 II f-LSHjVtj , (^y-aji-A^ II j 1.) t'Ak > A II !^ya ^jaoiLLjuuul 

^ylc. ljL a~if .l L^lc j x.u i. ~i I I f^yLeut ‘(jVI jjXXX Uljj^j < t LiiljJi_aJI ^jjill 6AA^ 

* s i 

<Ll^A l ^_L_^ :J^U2udl A. V 0 t ^lc 4. Ul 4 t P-^-jUjJI ^ 1 - il « I , , . a li 

^ > . iuua j < LL, <j! UJL» <jx. /) utj Mi c^Lutu^J! ^1*1 ^,,L<aj!S ^,.\S i *<i 
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■ II ^Jx -aXo i^jlSk (j-oj tpl-faA all ^JULo jj-taj <jL> j-JI <jtl£ .4-10 i"> I I 

<JL*JI Lfl A-a— t^a <-»-aJaLiJI J <-4-3 1 5» <■> Jl £jJU_&JI jLJlxl ^j*\ -a-o, 11 ^j_o l_jj& 

- <jVI ■ 4 fl jjA a CjUl aJ»L* a ^lr>fl > L fl^lx jl^iC-V IjLiA^kl ^S^jljJJ <-»^aLiJI 

jLaaj JLO.VI 6 J_A (J^OJ >_a _ QjLSLj J ‘cJj^ ^LS-aJI ^yS viLlj (J « ^ -fl llj 

</u.*-a oljLi^J <Lu( m^.11 p-Lt^flJI 4 ,,,. \\ a ( j_u <iajl^Jl (jVI iS^ ^ n i l.\^ Aj < < 4 ^ 4 -^. 


.jlotiU 


* * * (G) ** „ 

^4 La ,\ P i, ClC ^_ltl ^Ls rljjia 1-U.Jj 1 44 (j^-> j*J lj^_j . < i~il 111 ‘iVI 4-ijA a 1 I \ a 

.jjUI 

<- 1 al mi~i n <sj2 t_y^ ii <71 Lj- j.aj << aJa \ a II 

* ^ ij 1 Ijjbj .<L>jLaJI £j_/^»JI oVJ-slII ((^^fi jo u V)) 1 Q 'I *n a t .transcendental 
1, l5\ A j / *3x 3 “ 5x +7 = 0 JS-o jJr> \-ui i C>VjL*-L V Cu<> l I I^jI .<Jal < m > > 

s 5 0 ^ 2 w t5 

.Ll-oLuxLo (^jaajJ <3^ ^ “2 = 0 <LLjlxJJ .X = 71 (jLia 

(7i (jLs IjJ <x= e <x— 7i <i<ll (j-o L+J ^ ^jJI l^-A (2)-° iljLaJt j 
c.^) 1 .1934 -wLc ^ *** *1 ^jLxxLuiILo j i.i.l^.\x j-lc I m > 1 e 

^vLuxLo jj£. a b ^ji A. Gelfand (1968-1906) , \M.slr ^ul ^u^Jl ^-*^^^>11 

5< ** ~ 

Laj^ j < I ->A 4 <uj I << > -h I I ^Jx ^jJb <JlS j J L a JI ^-alajVI ^-> a ~^v (6) 

• < C)Li ^a ^ 

■^iXia a n <3n^ n ••• 3 n -- 0 4 jLi < j^xaJl <JjU»-<JI j.-yjj (7) 



t(jl Jlo^ y£. j Lj^jLik laax. b j (1 J j-Sx^H Lij-ura. 3 J^ •-* Loaic 

■t l ' * r , s * 

yJ2 Jjja-iil J\JC. aasjl^j aax. 2 J^f jj-.i n~> o (Mia <2 jLj I .\*\A j 

, 2 _ _ * , t , e _ 

j* ('Ml j|j lj -4 .2 t ^ 1 "a. <paL*l J V Jl (Jal (VH- <j> 2 L»Ji J.~ w 1 9 111 

*< ^ oj 

j^-ou^-a Jj Lf.r\ j <_sJ! i_jlaSi jl^lc 1 lAj (iLilillj 7 ^=J 1 J^> 3 * ■*“ a <« 3 lQ 6 br 3 » 

j !» . jji I . C^i jLii I J-*. ' <_i-j_*_o j\ ra. II < .n 1 *•> jl_j 830 j»Lx. J-o jjlj) A 11 

» * * to 

I ' ^ 1 U »«Qi a 3 ^ .» M *> II J (< il.il.ll UfrJ LfiJj_o ‘LL.i^nys jl J-ojjl H 

.oVaL*li J^J axd^U! iLAu, ^ j «a|goritm» 

S tl~> * a ■ — s j)-\ . . e-yuLj Jx. £j j. .4, i.i il j *a..1~ ■*> a II cjVjLx-oJI J^J .7^. HiJ aU 
l l lln.n" 2 X= 1 Jlo oVjL *-0 JjJ^. j| • ((‘UijJO. Uacll) (Laj) OC. <^yja_ujj^j (jlj-C-iU 
Jlo Cj*^jL*-o I '1 JaS J Jjl^. (_J- S ‘(X— 1/2 ^A <UHJ! aIa Jxa-ll^ <jiiaia ijljX.1 
Cj-i-u-J f — yj2 <JL=J1 aIa J-aJI^ <siaJLa jjX. bllaX-l x 2 = 2 

.(x=2 v " jjjJI Jlo) ‘i 1 «1 ml o alax.1 ^a i^AlaLxll joL^l j 1-ij uu o*ifjL»l V^l». 
^yJlJI) X—^J 2 — 1 Jlo (uH/aLaJ. V^j-Lsa- j 1 « 1 1 In II 3 I n 1 J 

x +2 — 1 Jlo o^aljJk V jJ -•y I4I -og»j-j < i II j » II alax.^1 j i(x = 3 1.^ Ira . 

e Z ^ _ » . 0 

J-^ y& I " 0 : 4 _ojI_SlJ! oa_A 3 -^- Cj-iH “l-la-i— i^u <tJalji-o <_<u 3^3 .(x = “1 Lfl. 1 •%. 
JV rSu. J^l ^ UL-oSi alax-VI ,> Jl J5-^ V Sx 2 +1= 0 <Jalxil 
.0 < Ml II JjSj Jl jlo.l Ms <1 <jJI csLloj Loaltj i^.i.yya aax. L^lo 31 

j_y S-xJ Jj-L-^ a_a.^j-» V 4_jl_> 1 si 3-C.Vt Jja_» j-i V <l_oj_aX. < J_j^A-uaL>jJI J^l U.J 

jji ^Ul amaginary number i JlVi H aa^dl ^ aii ^o^alxll 
J )} (<SjiiJI j _ jO-fl-W j i = J-1 ^ aj ^1 x2 + 1=0 ilalsll Jcv 

^_uil <a 1 c. I js.Unl als j-o r<J i.ifl-o-ia 33 ^ aajJI Jl l^lla - Cj^Uja 

.oJj 11!1» aajJI 

V ji -v <X “X+ 1 — 0 <JjljL-aJl JlLo <oVjL*-aJI ^ A * 1 1 >1 La 

X = 1/2 + ( 1/2 ^ 3)1 <JwiL*-aJI 6 d-A ^ <<.xl «lxa_JLa* £ya <L-iJ^ci 

.complex numbers fiUj-Sx talaxi Jj-cVI 6.1 a .x =1/2-(1/2 ^/S)!' j 

J — J-b -I i aa— c. J-oj < 1/2 jji (( ^ s- . .s . -> .)) aa — c. jui <_sJj_o Jj^^ J-=»J 1 A! Ho J j 
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I#?i'-'isik4'; --‘l- A --s.i .. J &£*? ■; 


< 1/2 ^ ^ H jjjJI *— i )^-c ^LUI <+( 1/2 y / 3 )] -^j-A 

1 a j ~ 1. 1 <-j-oLk jx.lj.5 ^yjc> j-j V .—(1/2 >y3)i — j II 


I ^ %*S 1 X^J ^ 2 kl^ ^ ft. k V%. iiiQ ^yC jl^lC^I ^ j-C IjJb J»C qLjLui *\JI 

Lf^Li jxi ^ i 3 aJI jIjx .^/1 J I <<i"t ^-jJI acIjiJJ < ajlxjJo ol j aj^JI 

# * 
.«Lx£>Lk jJ 

f ^ ++ 

^jl ^ J \ £\ hi ^ 'fl“ • n a i-irk kVrvJI jl,A£.yi uJJjJ La-J 

^ ^ J* ^ ^ JJ ^ 

L^_La Jf* J ^‘s.o « II jjl tiljjj ' « H -. L^ j.nf. (Jjl <LijJL*JI jljx.^1 q i < ^*v> 

^yic. <_flV .I.U.O..I JJjlJI ilUj jt II jL U I I ~1 I -s. 1 JI mil 4 -laJLij 

.( 5.1 0 ^ '“ij" jj )~* n '( jjic jiil j ii.a -1 Li - n. " II ji_iujaJI (jJlj jj -\ a II 

JAslJI i ^IrLa a : jljx.^1 (j-o £-SI (_J-S ^j-4 (jjjJLxJI JJ-*JI <jLi 6 jl \ X ij 

gt 

1 JlJLaj 4 K V i ‘LLaILoj a > <( 1 , 2 ) i^-iTi jj JJjiJI t < Ul -u i i i <^4 1 + 2 i 

JOC jjj j-A^iUI LUSj^ J -(j-aiVI ^>J. -> -aH (jx. 2 j L y-^ 1 jJI £ y > f-uj 

*> J* fr J* fr f. ^ 

,j_o iVI SjJaJI ^_S < a 1 1 II Q i < j \ i a Jjjl -w. -^.1 Aja .1 4 _jl_i C. 

j, ^ 

. ^. 1 ' ■~v~i II |> i , i 8 II , S_^LaJI j^S iiLiiJI ^ ,,.sJJ <Qjlia (J.Jn’i-uiall 

• £ £ ^ ^ ^ ^ 

Ijlj . 4 + 3 i ^gwvSxll jjjuII <j 1 jjJ _^s < j>~m, jdJI ^-s v jA.G Lojjc. J 1 1 1 1 n II j j£ j 




_oLj, 


-1 - 3i 


1 + 2i 


■ u*£*' ^ 


-2- 1i 


JdJ-lli t ,n a II iLxLij <14 a 1 ^J<\ a a !l ^jjaj i ^ j ±± J & j*a jj JJ£. JJjlII . 5“10 J ^ , 7 i II 

^jLjJLa-oj a ll Sj^-lj Z±d*jj <(_*-*-« VI JJ ^a .11 2-1 i ^jijJI 

■ (jj-»L^J £jL^JL *_0 t<JoL^gJJ 4-1 ji» II jl JX-V I 
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• <AJj_cu S^jLc 


^ ^ 0 e 

jljX.^1 <Lt^*S ^_A La :La ^JJ Q ~*^> ^ (jJ-llji-J-u J^L\~l ->xi Q II IV A 

> ilj) ^ It (jLfl dJB La^j SjL^. ^ I C, jlj-C^I 6J-A La^j <6j^-^j_aJI 

.(jjJl j ) 4 ii H <j-a , IflC.j ' li> 

^ya <LiW <4-iJt-XjJaJI jljx.^1 ^J- 0 5^L° Ljx. <Lo 3 ^jj ^ I ^ f . SjILj \ 

««jJLuJ jl£» ^jl LlljjL* lj_A ^Jl JjiJI ^>Lj (jl fj ^ a. J <jj^_aJI 

6j^J 2^>lj e-fll Hilbert s hotel o^jJ-a a Ho j-ix. jljtc.^1 

^Ul <D. Hilbert Cjj-tlA Jj-sljj ^LJVI ^^-LiLjJI ^Jl j-*j <iJl2ijjl£JI 

* Z, • **&& . 

jj-o <HLo j. ic JSC. l — C jjJ-La Jjdj-3 ' 3 r^ Cj-Sj (j -5 ‘'-‘-‘Lj 

(jjJ T^j-aL-u-a J n-i i ■<jj)*S ma i_S_)iil g-xaa. jjj^S C? 1 ^! (jAi — fl_jJ«J1 

^xta. ^-Vij jl :«!4 Kjju V» ijl-jljj ^jjJ-o-ll^ CjjjJ-A iji i .J^jLtu 

„" " * " _ 4 ( 

. S L ..7 iijjJI L£ jL; ^ -i II ii ^XJI (J aH i j JjLj 

^yjLi (<1 > HI djjj j "wi CxSj .JJiAaJI > ' jA II il * \~\ i iil £-jlaa_LUj 

V)) :<LV»L Cj^- iIa . JjLlu VxjJ m a II £j-a A. Wo ^xC. Juic. 

l-Aa -t^?> 14-ali jl (JLSHjVL i fl^-iduojl ^ ^LVflL <((!^ .Ti /\ \ ^ ' 

<5 jJLL 4_)jj_Lll ^Uj^I cilj 1— SjjJI l,.\ ^-1 j <L^_ls I^Jjj > fl_j_i_ll ^Usj! 

.(jxojLSJI ^-1 n-^k I Ls_>£. dll J 


i> L° L>^-b ^-° Lf^ 6 ^' t^- 2 - jj- 0 ^' o>^ xS 

:jhii.l jj-Ll, ^ » 1 1 I -1 JSC. <-a mj I (j tlfc Jj 11 ^‘Ca.i jjJIj («L5Ja2 a II 

(j-a ..'k--. J_1 <Lj| j-A i_jl j) -^-11 S d l~ 4 -C. jasj j i <-^1 > C. JJX. ^-A La-S 

Ij_i_lS Ijjx. <Lo!> 2)^ ^«Lu 1 »U II jlkLC^fl (2-0 j-A La_a j^^Cj <ilaA-oJI j1jX.VI 

jj5 l_A_>a£.j <53/67 d/2 d/4 :^liLo^ 1j 0 (Jaj l^-io l.w 



Hlfe i^b^k 


sarssli«s3s 



V 

V 


D 

^_fl ^JftiaxaJl jlj£-VI ^5Lcu .6-10 J*> uiJl 

V 

1 - 

■p 

i#* 

4 

L$J»li £4 _ul_i_j_LsJ 1 jlj-cVi o J_»L2_» 

V 

t/ 

j 

3/ 

’ * f ' 

.(countable 1«JJ tLLa) denumerable 5 j jlx. 

k 

i 

n 

2 

(j-S Jfl-k*~i (jj-H ilitVI (^jla-ll jl-i mil ^ Ujj 

D 

% 

% 

i 

* t 


t) 

0* ' 

,.«^ T 

% 

1 



k 

2 / c 

% 

4 / c 

IflA ^j_Lc. <*tj aoj 1 a I * ^ j . ^CjLoLa-oJI^ ^ j' A. a U 

V 

/s 

/ 5 

'5 

'5 

jlj-cVI n y ai-t l > A.t-s oJl jLix5^l 

V 


Va 


% 

.^SjjSLaJI jlj£.Vl jAaj 1 ^ \ f> 4 A (j-oj) <2ln’i alt 


^ t <79/47 <5/3 <3/2 i^ULo^ 2 <1 i ^)- a ^ ^ <A 

JJX. ^1 Q-> 4 \% ' i la II jljX.SU <jl jJb <«a 11 *— SU^JaJl <— »lj •> I Lfl dlJj £-oj *lj-^ 

s< 

«i .1 "Ull jljcSU AjL^j^UI (_yi.aj_j ( <jJLujjl^JI I ag Is :4iklJt jljcVI 


<Jjli= Julluj <6-1 0 I~I II l jJ\ jia-lj ljj£.J ^ <<~i I XA ^£jjJ 

^ ** ^ S *) 

<J^ia ^Jxj . (l^_j-o Ij^. j.ti-ua 0-^“ *^i > V < £ !> ■ * * < cJ l jlj£.VI ^xa.7k 

^jJI -u X 11 Sjj) \ ^jJI <4_i a \ JrJI jljX^I Ja/i j) J- * -1I m ft 11 

0 ^ s * 

^_fl Ja. > ^JLII 4-^a^_laJ 1 jljcVI J^AJI ^)1— uj-J ^ i^vil ^-S J aj ^ <L&jJ jIuoj 

j» 

(j-a ^ 1 HI <LiX-a_aJI ^j) ki^ II ^ u~\ X \ i A \ /> II (^J) ^ . jj) JiiX.lt l *1 l.~ ^jxLL-o^ 

* * ^ 

3/6 Jj-o <Sjj5l a 11 jljx^l 1^) LifC Ijjx J aa i4t .^-^.1 ^Jx ^ x llU JJx <Lo— uj_i 

^ * iS 

■ia..a> uij ^>VI 1 i t <o ^-xX O^J <1/2 Jii,.> 1 \ a JX ^pJI <4/8^ 

lj_A Jflj j i hM hi UJj JJLj .JXulJI (j ii a J-& La^ j^-tiXH £ ia-rx \ j-aj a 

- ^ * fl'V (jl < W ** <4 _SjjJoJI AJ^_»^ .<lLIJLj JSLI ... <2 <1 Jxjj <JcLiJI 

* 

OP0- ^j^.1^ J^l^ <LjLj iLLLo 1 ^ a ^ _ 4 i.U \ .o II jljx.VI ^ u-% 

<la^1 4 j«j^UH jld^VI jVw ,Z*jL±iLi\ JjxVI ^-o to-one correspondence 

n» ^ ✓ 

(j-a i.-ki^i l^_ii ^_a <<t i» i Jkll jljL£.VI JdC. ■ ■ a 4 tJnA n II jld£^l JAJufl |XJ { j r & j 
.2 j 1 CH-'J 1 J 0 (jjJ < S t-i ~i a II jlj£,VI {ja jjj-a jjC. JJX: <Laj ■< n t ilaJI jlj£.VI 
_ *1 tln'iall jl.iC.VI JC- lojJ l.VifLca <l_jLuaia.lj !2 j 0 (jjj ijl^j^UI (j i < S' L^J ,jSJ 




^^lc. _ denumerable (SjlJJ iLLLs) Sj^lc LgJl Jjiij 

O jj 


^ '■' ^ ^ S' £ s ^ J* ~t* iM 

.Li-o-j| 6 j^jx. _ 4 a^jla Jl oV jLsl-^lJ 1 ~v — ** )^aa Jl jl^x.^1 

S# ^ i ^ 

X _J ^J- 0 5-»^> A <JjljL-o <jl 4_ta_^^La_> 1 (J > 1 C, ^Lx SjJa_» P-LL1I 

,(4x 3 + +2x-1 = 0 <JjUJi ^bS) i i^> in jljc.L> <L> jj ■ a Jj-o CiljLic.^ 

-J* 

_ CiVjL*-aJI &j-A Jj I -v (j_i_i “bob s.1 <i-iLLa 4_aj IjJ 

a > 1 \ U. a~ -v I |j^j .CjVjLsloJI id l~i J. Lrw-~I ( _ S 4JI 4,a. ,I a. i/aJl jljx.^1 j_i_i j - •%. .11 

(j.^.a .1 - <Lij. ; i..aJI jljX.^1 _ JjlaJI (jLi J't ft~ (jl J-t'"i.'^-.>. i ibijj^lj ^a ibibLaJI 

^j| i I 1 a jIjxVI j; ^Jl tirJ j <LLlLo 1 ^-* iA j 

^ -Jl X. ^ 

jljc.^1 <JlliJ jl£ (_>“-Sj L$J (jli < j i (j Ti o l-fjl £-a j I J » 1 1 iLLS <UjAaJI jl.Ac.VI 


J 

^-ixxaJI (3^°^ ^ til 1~ ^_A ^ t 4 jLLx1a. 1I ^_iX JJX Lo 

JS ^ £ 

(jjii j3 . 1 ji-n <Gio jjC. Ijjc. <Loj (jl (jlaJ Lajj S' (j ii a 1 1 U (jjJ.Jc 4 i « 1 1 '" I 4 J -0 

^ o ^ 

*Uu (jl j-A ^i_jl^jjaJI jX~ -J Lo) 4_cS LUaXo (j_J^i Jj! bo (j£J LS^" 

5< ^ 

^_lC. jljX^U il^ll lljx.^1 <LSlaxaJ| ^_lC 

& m 

< 4 v<0 II 4 ol \_a i l Jjl .< ia 1 xiill jlfl ^jja 4_JLlj Jjl^ <JlLxxaJ1 

4 ^ oil ^-oJLc. ^LjI ^_o .0, \ 5 <6jl, ,ij!i II 4 rt Will 6J-A 6^)-o ,J^| > t i 

j-o 6l^Jlj ^G. F. L. P. Cantor (1918-1854) jjJUL£ d-xij jJ 

ja-U-Xui (j^Lc-j jLuj ^ oJj d^jllJl 

LoJJlC CjL^ojL*-^ i. I > (jl^ 4 _j 1 dJj fpLlal ^ L 4 % i l-o 4 Ja 1 t -n Cj-jL^ .L-LjLaJl 

^<1 C_Lfi ol ^pl J. & S < «^_»L^_J^U1 ^ J i^-) ^_o JjlH A 

s 0 «= 

L. Kronecker jJ 1 1 4-t^aLA->^ <cj-a^JI <iL1j 4 Jo-al ^ a 

<4 uAljjJI -ULujj^fl ^-ijjI^ j-iULLi ^ 1 a ^ \ (1891-1823) 

^ a t, * 

I J_i J_5^5 .4jLU-V.a1I jljx.^1 P-l n>G jljx.^1 oLc ( Jt_LXL^. ^ lx (J-oL^JL) 
(jl jlAf .l 4j»V P J.^.111 ^yjj 4-*ij Ij-Aj 4_ilic. C>U jU <zAl ^yjLai-J 




X 1_^_Q C±jl^ I 4 -CU Jj ^Lll pl 1 ill ^ l (j-0 < \ A H ^)-LC C-ilx. J) £\ ->>.^.ll 

in UjLlli <kxui jJi - jj-“^ (A - Cy*^> 

>. i."l5L 1 (jL^ <_£ jJI j-a Bacon . >-> LajI a ^ S^i_a < 1 1 c ojj) H ml j-S j 

(J:> \^h ( j ilfl* II ^alj-oVI CjL^.^vo ^-3 <GLia. (j-o Sj-»lj>!Lo I JJ-o A-ol ^3 <^jjL-uiS_uxl 
.CjI 1 i^Ll jJI J^J-^ * ■ 3 niCt 111 ) ( 2 ) 1 ^ LoJil-Q LoLoJ t-, 3-u^ lull 

S m m. 4 * * « 

£_ a dLlj iJjuLi J_Sj pj-aJI (J-^Ll-i Ln, \ \ f, iijL^_4i <£_jJa_IL» 

^J iaaJI ItA^J LaaXjLLo 

«Lfliaa_cJI ^xC. jlkXC-^l (2)1 ‘T a l ^ ^ 4_L> \ ti n 4 -n. ^ >1^ ti ,1^1 1S74 ^_fl 

S 5 * , + ^ c. 

olil ) 1 x 1 <<jjlj LgJ Lxj-l^sj <4~i-^ J n a~i_. I I I m . <■< U ‘i n H jljX.^1 ^yt 

• ^ ^ *" -*,£ . < fr 

(j-» 4_ajlJs j- *^"*'* 1 lx# J ^ " 1 a \ j .La alt c*a jJI i— isjjJI Ljj j. a a-A t I jJ 

jjIjjJL Lajjljj tl j 0 (jjj ^.Sj Cjlj. M i r . 5 jl~> -w-o jljc.1 


1 

0.198 402 957 820... 

2 

0.438 291 057 381 . . . 

3 

0.684 930175 839.. . 

El 

0.782 948 261 859... 

5 

0.500 000 000 000 . . . 

6 

0.483 913 562 785 .. . 

■ 



dllp <t tM-fl-‘>V L^J^la r ■> «*»l J-l ( _y^=>‘ <4 A^iltll cJUa La^_o l «g M <jVl Q 1 ■*’* '“ 

!* s* 

^ mi < 11 JjVI ‘LslSj jL/' ~^.Li I, iu-\ laac. »^_Jt\*i <ailj (J-*-sJ .L^ a?>. j/j V jIjx.1 

*> II JJ » II ^j -0 (_g J. i tl X . 1 1 III ^ II (2)-0 L y-jliJI JJjdl jj-0 (_gj III rjl 

& s 5 ? 

UJaJL. ^ i 4*\ \ A ... II ^UjVI :<JLa. (_yi Lilian Lo_sj uu^. > A \K. 











“LojLSJI Lal-^ jjjlII Lla .0.350 047... aja^JI jaxJI 

Ij-A jj-Lc. <— .1 yL&j <Lr iLlll ja*JI ‘JjVI jaj- 11 *■ ftl" 4. i 

<4,.>.», >.xtaJI j1a£- (j-c. 1 JJX. jj^j | L*_o jkUl ^ U '■ ^ II ^ <L i & iS/N-ll jlAC.^1 A I 

lj I Ia) .Ifrifl jjjC. JAC pi .li ~J LojJ l iiVa-iS «UiLLll cJLla 1 p ^ p 4jV 

.uncountable IslU iLli jaL jac jIa£.VI 

jlA£.}fl Jjl Lj^jJ Li-ilj jJLl .Mali ujJil <il JUJ 4oa_iaaJI ajjfc ^ 

_)_»X. ( 4 jiao-a-ll j if. jl.AC.VI + 4 j i-\ \ p II jIaa^I + <1 i * i 1 1-> 11 jIac^M) p! '< iSt II 

<<->^)^--%..JI jIjx^I j <4 1 1-> *i a II jljx.Vlj <4 >.* i >1>.II jIaaVI £jl LIjIj Lljl aj_» .aJjAc. 

if 

■ <LLaLmria.il jIaa^I SjjdaJI aAA ^j*a alYTi ijioll jIaaVI . l^AJ-apa. aJjAC. 

if s' ^ S s' * 

4. i_aL>..iia aJjAC. j-lC. 4 ti jja. II jIaaMI (JjLaJj ^oJI jlA£.^l Jjt ^-1 iVt m*^l I i 1 1 f . Ill 

i 

•(e j 71 (JaJA*JI Jia) 

(jl ^ *> »..~ 1 ^ ’J <4,.iM t*~>-uiVI 4 -v ,i~ \.ll aAA 4 .' a A I j*\ a M ili p_La j~i *> I 

p4 4- 1> S s 

ij y 4— i^aL-->_ i J <M-AAa Ij-oI Ij-A (jj5L> ■AS -4_uaLuij-a aIaa. }fl q-° 4 i -. 1 -i n I I 4 n I fiMI 
jaj Ltuj < 4. a i a aJ I .((4 jaL*JI» jIac^M ,j-o Ia. j t iTij 4_sJi (JJsl 4 < a l ^utLaJ I aIaa.}/I 

V La_i ^ 4 t ol nitall jIac.^ 1 (j 4iiAa. jjl .(JjA <jja L^J Q» n “< (jl till ‘ "J 
^ 4-p^w^1-p (^uLpuI < jIaa y i 4A_ppa_9 a * 

jlAt^li IAxJI ^ J-i~ hi*' ^jl Jya.LLJI (jl Lijlia (_y4Jlj (J-i^aill IaJ 6 J ^tnu 

t-l ~p " i j i a (jl jl .4 < a . a -v II jIac.^ 1 (j-i-) 4 1 tl.i Apa. jLil ‘l < v_i itjj-o 4_LXj_iiaJI 

0 s ^ 

E. Temple j^£> . 4 1 r\ m*t o II jljx.^1 ^ o jjjl» 

:JL5 jl cJJj (3^ 

mi ft II ^jTjC j^ < L-LJL_LjJaJI jljX.^1 1 ^ \ a ^ . 1 1 

( 8 ) ~ 

. <_LXil xmoII jlj£.VI J-A jl jfr.u ( 4 a IU> a p-L^jlu 

3-o^JL <jA_uicJI jIac^U - jjaJI - ^Jl jLiiil 

.1937 'jj& ^oJI Men of mathematics «ul j^. ^jJl J^u *1 a oj jj (8) 




ipisiiiiiiiw 


439 


(4c 


transfimte 4 ■ ^ ~ « II Lo jIjx .^1 4.1 ml u ^_s JjVI uJi-fh 

No (_y-s j. i*s It I *i ‘>*s-a. i j } SuX-il j.~i_o II -oM olj numbers No, Ni, N 2 , ..■ 

(jiJ I '*C ft J iJLlJI j-JVI In n ‘1 II X-] (jl J <4-jl-£-jjUI (j-o ^ ‘ - f> *> J * l <a ' L^_j( — t 

2 

^jJI <4 A-iA 11 jlj-C.^1 <LxJLljJ^)l$ CxjL^ Ijl Lo C.1 j 4 I*\ <t> A 11 

<lio I JJ-C N 1 <-i^L-LU-o <4 * • * *L I! j|j£,^f| ^j«o lfj| Ljjj 

$ s j j f n. II continuu hypothesis JLu-^VI jl . Lr JL*J 

(J^l <N-j ^^Lllu - m.o II JojLJI JoLLj JJ£. - <jJLxLaJI jljx.^1 <uJLju*Jjl^ 

-_^l 4~i‘i n pljj La ljj£. j\ <Ns <jULo t(_g jl m" Vj <Nq JJUj 4-dLijJjL^JI jljX.^M 

£ 

- La^ <Jl£JI (jjJI J! J\ - aJe-N J! J - 1 L*j 

2 

^ ^Lc ‘LjI jl < v oLkiV U ^ ^ o II <6^-oJLuj-o Jl <GV ^1 ^ A 

^jCj^oV I j^laloJI jaJLc ^.LaJI jIIj <Gl jIIj 1^.1 ■_> \ xu 1963 ^\. c. 

jj 

: I ^ \ q Cull ^j5L<u V <LfLino.ll 6 jla ^ji (1934 ^Lc P. Cohen 

kiS < U5LxAaJ I jlj£.^l 4j IL \j J jl£ (jl ^ A fl Ha^ jl 1 <~> c>L)TJ (J-l^JLuxj jI 

Si ^ 

. K cUl^ Lo_»j^ <... <N 2 ,N 1 jv.ii ft 'I j)-o Ll 

^ *> 

.5_iL^j^UI £_o (J-al » ~ II , \ \ c. ol > juinLi^JJ 4 S I < n <Ln iii.i Ljj *1 a ~ jJLl 

J 4.4 . 1 CjL>_ uaLi^JI Ijl La J-A 1 *> 1 j a f S^LiLi l,L' ' Jj] ,_i i (_gjJI (JIj_ujJLs 

«dj_uj| \ ~^. j_) (Jib jL ; ' l-a-o _pLl I (j \ a ,_>.lla-i l ajif. 4 /> . ,.l -s. I I ' ( 'j l^.Vta tA 

(2jI (* - .A « j Jj-Li— i LJjLoj S' L c. o^-uJI (J Lcevj VI 4j i ^ j^i Jj-o 

l^_uiAj T'l i ,/nLjJI (J^-S <<jl^j!iUI j (JjlS 4 '» i ilnll jljt^l 

^lnlla pl-i J lC. Uni j i i .*.11 a"ij <4.1 HJ (jlnl'i-o 

Ifi JjH (jlJI i*il Jl JuaXJI C4l£ Ijl L j^JI Jl JMI Jjj 

Jill CjUaa.^LaJI jAi i 4 jij (Jlj-i Lai 4 a. ,WH oL^L jJI 

a I ^ ~l_i Ljjujj uJ L^_il g-5L*> 1 1 ^ 1,»~~ (_j-Aj ‘Lauj^ J ,n~ 

jjtil <LL5 jac. 4 1 4iS II jljtVI (jLi J-ll 4 n. m’iII (j| t$Jjl ~(jj) >~>-H 4iLi. 

jl^c!>U «transfinite number» ^^I^Luu ^lill i^AjLii :Ui ibis jailo JU»~ ,„VI (9) 

.^ yX<4a JJC (^1 (J-6 ^^1 (4^°ul) ^ la. W,W 1,... 




4j| jaj .I 4 J L>l 4 * U a JalSj jjc ii jiui » -v ~ ... a II t j-o jjl ‘n‘i 

(_y-f-S <4 ajQ’L.Mflll < » Ua II J^la I a(j a <j| ^ya Sjjxa jjj£j j)l t 'iVsn 1 

4 .» Jo a JaULj jj-c. (jLs IjJ .jj » II Ij-A (jL^ I— il <JoLLi 11 ^_o joj-JI (j-- a *« (j-o 

(j-o ,'"i a" 4 a . a "... a 4 i U c LI a*. jjx. (jii a*i J-^lj j" a * 1 a LgJ^ia 4 a .a" ... a 

<•’ 

Sjp .11 a JoLiLj JJC (jx. 4j^Ja Lo .4. til ill Sj. 2 k -ftjl ^yjl I ~i .o_)l 

( j- < L a. I III a 4_a_Sj (j-o jJaXj (J^ jjl <4_i^j ^UaJ-ml 

4 a .a~ ... a iliUi 4 U a'. j_o ^4_ijLa.l^ -vlj ■ '-^Ij <lLL5-o j 

JJC (jLi IjJ 4 a » a" ... a II 4 » La II (J^Ja^j 4 .^ «... a II <_a_a_jJI 4 a. I - ■■ ^jC jJUaJI « L -- ■ 
_ Ul j“ ml ^Jj^yi £_jLLs 4-^1 Ilia _ 1 (1 ~ -V I ... A I "liLfl Ll <-lj)~\ 111 a 4 _*_S Ij JoULj 

_ jILoj) 1 1 \ jl jxa^jlj — I 4 J jJa L*l 4 a .a~ ... a 4 ■« U c Ul a . JSC ^j.i a 1 yJ 

^ 1 -k 4 . . . a c-^ 111 llj . 4 . 1 a i a -s. II jljx.^1 JJX ^ jLu-i JjjJJxJI Jj-ij-A jL^j 

■ a JoUlll JACj . ,_i k*\ a i jS JaLllJI J.AXS :&jL*_il JSC LjI ill^a. 

a^ij ii^jjjo u 4.A.l.iTl ma <jl^a -Ll q * jj£.^ (A.xi^'Tk. Li hypercube ^jii 

(j^j^fl a-XXJ -LUj JSC. jjl J AJ a JI jj-a-S IjJ .Jl *S i ~ iVI aj-4 jjJj 

. ■ . . .. CjIJ- 1 La-ij ' -v Ij j~ a .~ . ... L^J^jJa 4_n_) j* mo 4iUo Ul a . JSC ^ j U . . . 

4 *> a. » Cij-JLi 4-LA-m 1 La j^JI Clijjjl ,_yjjl CjL _ i.j ua L>^JI jj lia £^0 ^-Lxjjl 

. .‘»l a. |ajjj j»J La <(J axil ^jlljl 4 '|*S a 1 jlji. ^ a~i~i . ILA <jL^_jjUI jjl i.. t \K j 

. ,laJ 


Lo La j)^Jj (Laljj (j >->. l^-Sjxj C y^~' J <jl>i<“VI ^USUI 4j| i_Sjxj (j4aJ 

^ \ u-gjl lj_4 £j£. 6 ^ /> S^>5Lfl ^jL^JI Sjljx.^1 

^ Uj .Lj~> ,. J ^^uiJI j^jJI jxLlUI .»_ A a.. -> . . 11 (jjj 4 ioij-L fJI 

^ -9 

<4_ojja_au^i Jaj)U~w _ 4_jlULiVI 4 mj't^.11 4 xjI j jj-aj ^ (j >jJ (j jL ^ “ *' '"* N - " 

<4 a_ia , o JI .LaXjJ cU>y j»^_oL5jl J^J _ y^U^o j-jku ^-L- 4-aj-^J-a >>ljJj 

numerousness « jl..vx~tll)) l p a> j a ^ ^ a o a 1 j 0 Ijjjoxj (jJ 



it\ \ i~i^l j jlj jl jlj I a l5li .number «jjjlJI)> ^ 

.(jjJJi LcujJ 1 j 0 (jlj IjJ ijljJuJI (_yJI (jljjji i jj 


Set theory olx j n a 11 o^-la I a H jjaU jjj 

L^jic. ( _ r Lual (j-9 (j^J tjjljis 1 (! n , £-k=>J >ijj -j-utC. J_LuljJI (_jj 

^ > i . .^ \ -v ^ I I U ' V 1 jjliS .Peano jjLuj FreQe ^->jj Lc-a jxoliJI ? j ■ n j <jjJl 
(jjjjjlis .Casaubon o h ^ o U^J) ^ (1932-1858) ^jh.» 

jt 

oLjLjjJI ^jl£» Middlemarch <Jj-^ *LiJj-o 

JjL^ U ,1908 ^Jl 1892 f U jyi <»j a r JU-4ii ijHa ^_S jJL*JI 

Formulario o ^_s ol i. (Al—i^_l) ^ ^ i a a tl ~'_ a j, . i..a ^ i -a.. ?>. *i 

j_oA_> j ' a *■ V SjljI i lj j}j ^ ' ■■■ 4_LJj_o jji j *1 ' ■ j ' *» r.i ' a 1 .mathematico 

i 

c jMc[ 4- U-fl ^ j jtf. L (2 h*UI <■ ‘ ^ ^ ^ ^ 

✓ ^ S* 5 s ^ J# 

4_1La£.| ^jLl > j ■"*> > I '"If <jjjja JLljLLluI ^ i ~\ i~i 1 .Uajls; 1_A j)-a. ) a i (j) j_o Vjl> 
f4.t\ liV j| ^ 1 f ^ LajSLiI <llJ <«Latino sine llexione^ ^4 

OjI^ 1 (3 I < 4 J..U I i^jjl J <-i j >.l*\jy I j "LuLaWIj 4 i\ i ' jUI (j-o 1 (j-» a -y. ol Jjj-o 

<j| (jiaj j)l^ Lajj (jl .JL>UI jUl <J, L-k*l (_j;jJI .All j^o Sjjo-o 

1.4J.U I (_£^a*Vl (_f-S jl^> <<Li-o^_JI <jjL*JI 4jjljj j^.~ 4 ,a5L-k II ^1 _)jj-S_l 

«• , ^ ** * > 
^J^.| <_^li^1 e\ a \ ilUj^ ,pL3j^l^^I S^L <ii > ^1aJL> <_j! jsJj ( L> Jl ^ -a ^ 

J a i t 2 m l Si J .JfrJaJLa II AjLo^i (jl <Gjd-S J VI <OJblj-o 

* ** 

n 

i iotUI iijJl ^Jl Ai clul^ Ijl ~w> II <^1 &S t^i\ «G_i_A 

^ in \ <\ II pi \ iiiL>-uV <Lc io J a f- 1 ^ jI,5C.a <_5dJI 6 J-A j_uaj 4_1^J 

j ^ 

^jLlj i5j_j (J-A3 ttilljjl < < > li jjji i <^J— u,!^ ^ iALj^JI 

Idj 1 as ^ <1 900 j*Lc V-iLil LofcXl^ <ojJLi ^JLlI <L-?k..^-^ 5^5 j 

. * ** J t >j II ‘ “ V 4 I I < 1 l * <>S * 

•XS^ . 4.L1.1-I VJLj <L)I A 1 i U.O J^Lv t J_jjj , Li-uU j A -Q t ^y-*sln I U > ■ ■ 

;<_JlliJI n.yi ^ lr. i jL-ua^JI a. ir ^ \ > 



I ■ 

I H 


.jat 0 .1 


■ I j.o >1 jjfc Ijdc. a j .7.1 jJjj La jjl .2 

• JJt JjV j laLial) ^LiJI 0 .3 

. JJjJI I a *j)t~ > Jjl 8 l~t ■L a /jl J-i£- V .4 

>*111 (JII a *i <J JJX. j, ial 1 a .11 ^JLiJI ^JIj <0 ^.aj 1~1 <- >— i-al./v .5 

■jla^VI ^ oVn ( A i <*nLLJI 

principle of u ^ LjJI g l i \ i ^ vi L5 _a Sj j A.V 1 < A 1 ». A II 

<s .J ^JL « j-iUJI ^liJI)) L:>»j IjLS .mathematical induction 
JLLlJ ^iUJI ^UJI) ssO CL 2 J ,(0 J ^HJI) 10 cL 1 

L^ljLxj ^3JI ^USLiiuLoJI ^jLfl <dJj .1^^ ^ A^ <SSS0 <tjL» 3 j <^0 _J 

f ((^—ujLlxJI ^JLlJI)) Ji-a (<d\ "s Itn <*n o jAa t Lll^>-i-J ^jLlj J)l «l_A_i^iaJ| 6 j_A 

6 J. A ^-A Lo V LiJjLa^ <<(J»AaJI)) 

F. L. G. Frege g-j^-a cLl-aj^J d-jjj^-a ^j-3 ^ U q *11 ^j-a >\ \ c. 

jjxTix, j-4-oj_o ^1 Cal J I ALjjJLj <jI \sj <Ljj-Aj^. LoL^— uj[ (1925-1848) 

^JU la II ^<i g-jj_fl J * j .1 a a LjI j-4^. C. LrJ <LaI Clu >1 — « ■» « t Vl a I I 

ell <*nL>jJl g_i_j-u^j < GLjjj ^j_o ^ Q-lci ■> a In in -^k P-Lu <gV ^aLjJI 

if 

^]\ ia.Laj oiLlj ^-a4-i ,_y^J .^jLuxjyl 8 1 1 t Li-i2a~i<-0 <Lao!}La. L$-i-a<a^j 

<t> 

Grundlagen der a mi\^ II m\ <LaJj_a ^_a cdJj J * a » 

(<Jal iu i > <^-A 4 r ^ /n ^ a II .set 4r ^ a -v a H ^ j) ^ A a ^Jl jjji < nl tArithmetik (1884) 

s 

Ci I ~^J| -LA J <d-a.-a.-a < ( j > " -> (J-J-a 1— A j \ j - a . ~i /) *\ a ' a I j i 7i l (j-a <-C.l a ^ 

aj-4 ^-J-jj-i4 (5JjJ-<2aJI J-a J-ai J-a <jL-<-aaLjJI ^1 CjLcj-o^a-JI 

<E. Zermelo (1953-1871) c.< .a'.jl Jl5 ^ 5JLJI j^iaJI J!iU. <-*^iilll 

*Li - 1 i j I j ■% 4 jj_ij_L!l <A. Frankel (1965-1891) Jijlj-a < a I j. j 

t/.S j < ... 0 ' ^_S Jj < 1 La L^-jl ■ n )l 4 i a tK j I, -.1 r ^ a A II , ~.l . I A. 1 







1 ^ \ Q Cx3j£. 4*1 > w II f ^ -* ^ a II <_>^Ja-iJ i-oLc. 4 % i ^ . 1 ^ a_o (J a[ xl 31 < Li_fl_i^j 

.Zermelo-Fraenkel theory J&l > _ jh* ^ 


o-* 


<M # #5 n> 

£ljJi ^ Lx. JjG pLo-jojI ala_c. ^1 jl LaIjj-o S j_^_s 0_)j_s ^j_s 


.i>_uaLl extension 1 tu * p j) o ° ^ ^15 <1 s.» *. a ^ x >. It 11 a j » i j .olx.j^.a.?».-aJI 

b* ijjio * »K ajl !~Lf.l « A t J-aj» l jS j S~ 1 1 «LLi_^la (J_i^sl C*jt£ Lajjj 

1» „ f 

ic.j).ft,-% n y-&i <i i -k-ll (jli 111 .extended collection «ajj^ l*. jny*» 

» ^ (_)■■ a '» <Li_uaLULl j}/ _ *■ y a. II jn 4 'i L^J ( jSJl CjLc j) a y .a II «■ < a -v ^ .-^~ 

I A ^ Ijt " ((^a-aJI j"°' iiJ^L!LoVI» jj .^Ho < A a -> n < j-».i it j) a -y -ojl 

#= 

ic. JA% all J j-n\ \ C. ^ lAj j*N ft ft II jji (jl ^ ‘m 1 <j| i CjLt jh^i n II iijJaj S LoLaj 
■ j hi.-, j* ifcj) ft -y ft.1 I S < Jl ~ nil J i > <11 . ^Ajy.lj ( j3 Jja.1 «lU 8-ft 

j^ft .1 j ■■■^ jV <{i3_)j <S_)1_U3 < (_j^S-S-iS j" it j ft y ft II ^.a^y f_y ■ i ° j <,, \ ft y ft 

iij jJI £_JC, ^jyy J C ftjy .^11 £_a A^iy-ft J < (j^laJI £_ft ii jLH iLllJLo jl 

\^1 <lfl">li>jJU (J.i ^UllLi \~1 JLl oU j-<iy.ftll ii^iij jJ-u AS . (7-1 0 j*\ itillj 
a i iftl-k bj^ bl -CiLi-uaLjJI (jxiLuil Lpl ( j -c.A ~> c.i-jl-5> lj| aLI.v^ jj^j jl ■ ^ » 
<L r j^-aII j j| yJA (( J ^ J J-t 1 - <A»a a ' j ■ 1 • ^ } it. j) ■« a. ft II a. *>■ l j-“ 3 » ■*! 1 a~« AjAHJI 


.Ij^Aj <6>k 



<!>•% j' <vH 


r ^k 




jj^l il ll ^ ^ Ijf ^j^.1 <£. ya^-c > ^ '•fc. jjxLflj &L. .“VI <£, j) /J ' .7“1 0 J^mJI 

ii^ji iji q r^\j f y ^yC-yn-y n H (jallL^J . ^y]\ <-J jLk.1 <_Uli-o ^yCi£.jr\-y. /Jl 

. I o I" -i. /jl jj *~^ ^ M <Sj5LkJI 





; <_JLUl Cjl jLiXallJI Lpu 4 jjujlLJI gjjjs £jL 5 jSj 

^-i£. g-lj nil i^Jjj-aJI <£. jfr A^h a II "V ^nfl-> I4J)) : < .k-t^ol^jl - 1 \ 0 

. ((l^lj ^-o 4 a iLU“ a 

.^Ajlj £_a ^aC P^-ljj Lo 

.((0 |kaA I4J)) ■' 4 i j rfTiL^JI . \ t. \ a*! 


<j-a j_cj) a -v a II a ^ a j- p * L$J» :<U-uaLLJl 


_> ^ Liil J)- A 2 

.1 J 0 nf, j)a-n aII 


j> ^ jl ^ 

crJI^J' UT^ -#*= Lc J)A^ A L^_jt_> <jIac.SU < L-ij * ~ II Ia$J j».L$JI j j t-i o II .Ij^-Aj 

s •*> 

< J)U*i a II ^j-o oUklk-u^A Jaj" ...t <G| 11 <1 \dft .ual CjLc^-a % a <JVaj 

jl A*tr.l ^-lc. g-fj-fl j j lr> <ft II lj_A jJ5j .((^-ij)) J «SljLuj-p)) j «4 j A^Lk )) ^Jbj 

V i^jJoaAll ^Jb CjL-^L ^J l <jl 

a^^ft 11 &JJb ><o *L5 <JpaA-aJI ^Jb CiL-i^L^II (jl 

✓ s* 

J-^J^ a LT^ (O^ U“° UJjj <1902 jdc. 4j-<-a>« <j£» 

v «•> 

^•1*1 4 * ...I <<«VI ^H^I^aJI *k i lA x II <J a C. {£ j) *k t ^jJI ^-jIAJI jJja» a II j in \ II ^JJ 

olj iAL^JI <ui ^ ^aJI <Grund-gesetze der Arithmetik ^LluaJI 

ft* 

1 A ft J 1 1 (i J_l_ul^) jj|^_i^J ^j_A jtl ilLuJ J jik-l.liU < J J * .1 J <■ Q ^ * *11 |jjb ^_Lc 

4 Ia ill ^t_j^_s v ft j .inconsistecy ^ m J ^ j % > ^ -t.n. * * <_L^c ^j| 

J-*-uIj <JLujj Iffi ^li ^l!l 

j-5 < 1 a c. < \ lc. ^^LluVI ol l ^ ^ jJLc. <-LiL5-i La <_t* 

jJil^J^J jLXau II £y& <JLuuj Cj1^)-5 1 aJ \£- < \ '^klj ^ jJI ^Jb I. ft ftj^JI lj_Aj .jL^il 

-g £ 

. 4 a iLkA II ^Jl ^_LclC JLujL j&Jbl I <-v\\r_ IIa J <,J_tAj|j 

V)> 4 1 irf-^1 ^ II , vj.\ a s <J! m a ^jl g-jj-i ^S\ (1970-1 872) J_luI^ jJjI^j^j 


.ajj^ < <<.a*< j uf I ^jJI ^U~. a 11 1 -kJLaJI ^Jt j4 jSu (10) 




O-m i 1 ,■> i flli-o j_o <-i-lj-o n ■% n ^-S j i-> ~i i 1331 4 j 1 .«L^_(lj ^-11 ^ a* 3 

j. laIl ,—A ((6Jj ^k.a jliij)) 4-C.J) * (jl <^LLa .Ipl Jj j-u^Lix. 

iT * s* 

«<t^Li» <U> <X.J) A^ A <j| Q-iA- ^-S <6j^-3>-0 L^lj <lCj) A ^ A 11 <jV 

^ « « «* 
dxjl^ Ijl LaX. J-Jj ,^J\— iiJ^j . 5>Lfl iJli .u.a.,1 1 <lx . a '""k , a II L$Jj L^° 'j lC 

jt 

<l-fl3l j ."» '<1 l3Li .Lplj jjJI ^ A~ ~1~| <4_jIj 3 ^-a~*>~ j>J ftljuo 4Xj_<L2b_a 

‘4^3 ^l ( jft’Tl (j£> (J lj[j -4^3 y <£■ j) « >J I <j-« 4-*4 

0 ^ w 
,l^lj jjJI Ct ""'■l t3Ls < < '-wa^Lkj .Lplj a~i-‘>"> (_y^Jl <£.^A^_aJt £ jj (jx 4-^4 

-4j 4313 (jJI 434 *4^3 ^j-ll f333 |J 131 <jX! ‘4^ ^l ^-»3jj ^ 4-^4 

■ 3^ l' t^ya jjlc. (J_luIj <paradox 5^ a jl <contradiction <^a.91,lLg (j^ 

•• a? ^ 

V (2>— >3-11 JLa. j-ll £• x n (j_j-s3 Jp-a-J <3_iJ_aJl *3-4 : lt4 1“°^ 

* ^ 

g,x. t i>i 11 . ol— i— ooLj^JI 4-X^oj g-aLjja J— ujIj 6jj ?>> -ft 

i 1 ^Jl qLa 1 xuaII (2)-° ^ 1 nil m OJl Ijl <j! 6 j \ ^ a I ^LS-aJI ^-iVI 

j, 

f umi jLc. jJI ^xta, cX 3^3 43-Aj-i-a <jLi contradiction 

<t \ a j i /» /ji jjLs <<_ua^l33^ ^_LjjL* 3 o~iK 1 31 I3J / !•»'> 11 <-*113-1 .~<1 '< *j ** 

■ <— Li jl » 3 II a3_a Jj-o I ^ ^>1 333 ml jjx. 7I» (jlj «1=2» (jl 4 1 i J_>-> 

^ e 

y^X- Lf-J ^_a l^— uj! /<_>! . , ■ -s- H ^ JjiJ I ujI lu| LAjLu r,L> rOLoJ—uj-o ^jLfl <1jJ 


^ ^ g ^ AO 

^J«l ft 11 Loa^ A iOL-uiL^JI ^jiX-LuU I 1 A~1 0 A <jl— til <J-UjIj 

^ 4 7 ^ ^-A 6 > 1 a^ . jk^JI jxlc i^ya (g^-uj Cj- x*iaJ L^al cliLial <J^1 ^ a \ 


(jt Q J P *“^1» 1 t . »>j *«V» ' t \j ^ <p (pp) 4j-A^>^aJlj Ijoj (11) 

)J *aaJ 1 SacLSJ)) LLflj 4 -v > -w .^> p LqJ . oLoJ_uj_qJI ^_a t aaIiK a> I *«~ ■ <■* p j p It 

p .cul^ LoJ ijajic .pp d i > />11 ^ ”\ xuj 1 a, i* \~\ <<i\ J et > A «d6t3chm6nt 

«* *» «!■ 

CijI^ U 4 iA lA p Jjl ^1 .p (Ujt « 1% ml I VK /v .0 ( <>«»al1 5 j£.LD Liflj 




<1903 jfcLc a i m 1 4 logicist school 4. a II 4_lujj-oJ! 

<The Principles of Mathematics oL— iL^JI ^jL« <aJj-a J-Jj 6^ 

^ t. * * f. 

■ tj d b b £> jS * J^iJi itdljjl ^ Jj iA.iSk M - l.m j iu^t\ (^jJI iJj-tLtuJI 6 jit ml ( j ^ b $ 

^UJI ^=JI ^ SA^J <uL£J Lild LlJ= l*i A. N. Whitehead (1947-1861) 
J& (j-i t^jLxiJI jj* +»j -A treatise on universal algebra 

.^jUinll 4 - 4 ^ 3 . jx .^- A^k o [gyuj ill in 1 1 1 K diLi i ^ iLijJI jjLijj iL ^.^ aI -3 

-.1 ' I ^ 4_iiUj \j i -k I j |j U. i ZjLo jJl jj Ija f. ajlj-C.1 ,_i-l-lr> J ^jJI ,Jl_A 

1910 ^IjjtVI fjJ Principia mathematics Li^LjJI ^jIaJI <^jLla ob-i-*_i 
j»J dlj (ji) <4 -iki,.it II ^_a ■ d -k. a jlki-i-a( iljJI ojL^ +aj .1913 j 1912 j 

J£\ ijajLo iCjLo^Lc 4 uoLijJI p^Jjdl f'^jLxd i_ilt^ (J-aj i ai,i I jaj . Jta ~ n. 1 1 

tj i4a~i.ll ijjb t^c. Sj$a 8-10 All (j-ujj f^jjja jl ^Lj I $ Ia»~i i a I ^^jJI dlt ya 

.1 + 1 = 2 J LT ^ ' J-^b J-*J 


*64-42. P t.a, @ « 1 . 3 1 a n ff ■> A . m « a u 0 « 2 

K*54!ffi . 3hx.« — . 2;«u£f2. e.*+y. 

[• filial ] 

[*1312] a.a«tf-A (1> 

l-.(l). *111136. 3 

y :• (a«iy)-«» *'* .^-i < y.Di*w^« 2 .s.*o^-A (8) 

K(2) . *1164 . *621 .31-. Prop 


2 = 1+1 <jl II OijjJtJ Jjlj 6+A 

: J=kV cjj ijij 

•noitl K . 1 +, 1-S 


^ La^JI 


k . . no-Asa . *ioi ai'28 . 3 
Kl+.l-f((g»).,.f.f-*V«l| 

[«M*1 -S.3K.Prop 


f _ 

J3VI ^Ac. < 1 fl**t L^j| . LjLtXk. vWi/i <Ail * <1 11 (_£^£.aJI b)i 

* 120 . 123.472 * 133.66 y 

* 117.3 y < 1 ** Iaoa 110 . 72 ,* j 110 . 72 ,* J oUV 110 . 7 . 71 * 

j^Vlj 4 -lxu I— fcxtl 


principia mathematica ^ jjj 2 = 1+1 _> jU . 8-10 JIaJI 




jL=J (^jJI -> i_d.« *i II < >L-v-_i x $ T l j I jj J-xulj 

j'i-iii i o i ?>■ theory of types JaLajVI (j-s (J-aJj .gjj-a 1 _L-s_» 

& -i* 

£y> j-i elite tsS ' a a I i^i ''‘J) ((( U A m qUj n ■%- aJI j icil ~<f ^1 

»> 

^jlcxll j (0 U. n..‘>JI (^-o 6Jj_ftj_aJI CjL j ) ‘i ilv JI ^jLi Ij iv A j . t-» 3 - t (J-il f- » (i > 
lljj ^.i <1 .k a ill Sjjii-JI 0L4 j \ t\.ll dllj oLc <iiaL!LaJI 

^j| ^Jjl Ja-cu cJfcj) ^j| <£■ j) <ft a 1 1 II 

^ 1*» * 

cJljLo JaLajVI 4 1 J U \ (jil .(J-ujIj 6j ( '•k A J. K t" I iij Ij-Aj <L^_»lj Jj-a 1 j < -~ i ' f~ 

((^J_u ^ J < a a)) J t /. /,-.lj » ^ 11 ( jA » i aLiJy 6 < jJLlt J^-O ^ tfL LaJ <1 » t n j o J_i£. 

:<JLUI j Ju.»JI :yi oLaJSJI i^-o (Berry s paradox 

$ j -j— j .«the least integer not definable in fewer than eleven words» 
i 4 a . a ->. 11 . a^A_j <Ja^_iiJI Ijjk j^a-v i «integer» _11 <ilJj 

^ i jjl (J_ujIj ^^lc. .4_aAaLxLa 6X4 jjLi jvj <oUK j. ( t a f 

^ * ** .„ 

4-Ut ji-JI <_>^Ja,>ll t-ALa.nl JoLclj^I Ajj-la.i,1 4 J. i 4 lSjl a J I C J 4x. a 4_a_i jJ-i,.» 

Ixa ^ ^jJUI J k 1 oj a ^ -.t.l aJ LJ (ramified theory of types laL^SU 
aLj_y> .x’S.Jl -tn-a-i ^ jc V cAiaL^^La Cl a.VA (<l XX atu-a II II ^^-Sj .Luo-il ^ a i . i a 11 

X * S * r 

L_jll£k (Jpj ^ C^>J) I Luajl (J-^ r i a.fi. S uiJ-fl 

“ * ** * ^ 

-JaLaj^AJ < ' » (tu-ajl ^-Lc. ^.‘u j ^jJjdl 

tf 

JaLa^SU A aa <ti*Lo H 4_>^Ja-Jl ^jl 1 i >jJ c^l *U\^I 

Jj-o ^1 i <-W ^ciLlj ‘UU.LaJI <-xoLkJI ^ ^ rt 11 U \ 1 ^ 

<Q| Ijjx. ^_JLJ_Ja JJX. (jl 1 ^ -ilc Ijl A~f.l C>-L 1 \ ^jl 

m 

^j-oJ (6X4 (_4 » -«~i II JaLLj cjl 1.» j .1 1'j .< l it i>.kJI jljx.^1 A ~i t-a j-J-t JJ-t 
axiom Of 4_>L$_>}UI 4 « 1 in n ^ ^ ^ 11 1~ « 1 II Ijjt ^Jl ‘ a . . X \ ^1 (£jjj 11 

CiLfiLuaVi 6 JlA J Ij-m j* (infinity 

jjJl Lia (I ( il-aA-' j2)| t^ya xV ( A t a I II I 4i)_)Jbj jl(i£^l ijjAj 4j| jJk (4 ~vC. j-aJI 

y O 

dl jl-m t 4 aU * a I I (axiom of reducibility LLL iaL. kdAJ I La 

L^Jril II . il ^ i^il ajia.! jLiJi Cijl^ (L 4iijiaJj .(_illA_a I ■ ~'J~ l-^J 




f- * t- 

(jl < A "t .„> |J_1 jl . % ..JI SjJj (jjJauj-a-JI (j_o iljl . > i Al-ij-11 (j| <t I M Q II 

■ J)l-i \ nil (jjd Ci «ii >1 CjL.AL. _>JI 

s» 

J) CjLc. j)-a 11 <jjJaj jaIxj <ii .a J j ^4 LlAjI L^_»Al j Lo 

l. LL,-, j_> J 4 K ,11 ,_Ja 3u o t 4 jl^ Lo_>^j . cjL^u=>L ^>11 ^LluI^ 1 fl-a v,\i i 

Lg^^-A-'O ^ a-v /> I I ^ o .6 4 L * ■ .4 > j /'•v /\ it > I ^ t > 

(j-4 6 J 4 J (jAa i j_>j jJSj *? Cj L ..< A L ^J1 < 1 a~ ~v-~ (jl (jji jJ 

(jlc-jL^ajj J-^l J (jlX <_$ j-'l Lljjij cJjJI (j-i dJJdj ( Uf^> " c^aJI 

l* 1 

6j_4 .axiom of choic© jl > 1 AVI <t « l-u. « oj ^ Jn dllj j|j <1 n p 1 M mo ^_o >_a 

tM 

Jaj) U "■k ILi 4-.Q 1 ± ~\_n 1 1) i^UJI 4^1 mol ^ C-U/i /> II tl^kll IJ—A 4 a! > ,. A 1 1 

I Ja-txul .j^Loa-AVl ^>0 iiA^. I^_u^ I jJ-A C* >, 1 ^ 25j <^9 f4jjl^l<JI 

(j-» s <.*l\^Lo . s j p >i i \ c <•'**«! c j| -ft ^ a 11 Sjjz 4 .1 1 n 1 . > < i 2j2 IjU :L*_jjj M \ i < 

^Lll lll*V 1 in ^Jl 41 aI 4-C J) Ci y X) l J^ £ya Ij iaIc. J jljl ^Lj 4x.J) A ^ A 

l^>-o ^ja 1 il f , 4 _aj^LJI ciij .dlj^x uA ^>-o 1 4 I a ^ t 

jji ^ a (ji 4 ^ ««Ls^ mi)) aLj^iai Lo <x. j q^ . 0 <^jj ) 

S A II (2^ *■ ■ ^ Ij-A 

4^j <^i ui * ^ (& j| aaiSL> j£ j_ 1I ( i^. II LxjJj 4 tin > L£ Lo ^..l.^j j ti 

•Jt 

. \ ti \ ^ I 4i»^Ja V Lo^j 4j»| »„> J <4 j j ^ ^JlC CjIjC. j ) a o j *\ A f LoJl^v. 

^ iAj Sj. y A.S J-S-i (jl 1 \ A J ( Cj lx. J) A, 11 ^2^-° •jlfLxVl 

L»-Lo jSi 4-qjLa '-w < — LAjLijLj ,^-J-ll ^) -i^raLa a j J 

jlj-cVI ^ ~ LaIjaI i CjLcj| a a II 4 *> > o JJ-C 1 \-j< xJ :4_xJLaJI <J ! m <u ll 

• l^2k. ^_La j (2 j 1 <JHJI i 1 J 0 ^yj-i 6 jJ | X<r> A 11 4j II 

dLLj ^yja ^j-° ^ JJ-C jl 1*1^1 > £d aJ a. 4-C j. a y.,^ J.J ^ > ■■»»> 

4—ojiLa ^A ^juqLIjlJI aLj^L^.1 Lo 1 V g-j) idU I . CjLcj) o tv, o II 

(£ JX.Laj j^liA II J v l~vi 1 \ \*\ o > V 4j>| ^xj Loo ^_lC J JX. J ^ ^ i— > inn 

. La 1 1 *i5Lr> > V 4x. j| -a ^ ci 1 *i 1^ <ti j_a > 111 .12,1 j itif. LaL> j_^.^ I LljV 

« ? * 
ijjJj L<X jl t~^Vl <Lo_Luj_o l q \~k~s ^rji <jj)A </■>!! l> \ m ni UjJLo y i a a 




i_ jLvLkL» «u>jLk jjiI >i5 j ^Ijjl Cy> fpi-o jjjc ts**' (J^j c£“^ 

jjii <L4 j^Jo Jj^k . j |kU>J ^j)->A^-a-ll 4 Jt ll~l a £-JlLuLi-u-I 'll - 1 j 'l a JT (J^ /j -0 

•jT jj (j-0 

_ + » S $9 ^ ^ fc „ 

jLSa. * La SjLc^ 4 a 1 m a 6 L^Jj jAJJ I QQl^-rt <i^Li 4_oa 

(j-ijJI 6 J-k-la c-L3l j-aJI UJ^ LT^'S Ch* 1 ^-°l <LaIj^| 

Z. * *«**'* 

/4 i . ft II 1 ^ jj^oJI ^1 £j*)k K ui A 11 ^jj) 1 A 1 Tw. t I ^ (j Q <4 _aL*_LII 4 Q 1 J t> i Lo Q Jl * * 

S? ft ** 

V ^j-jjJI <pL»j-»jaJI p-La-Ic ^ \ a'v j-a IXa^j .La^ ^$1 Lc.^Jq ^ 1 a r. ^jj) * il~> 

1 Ajif .SVLi-oV ^1 <LjI 4 * it ^aLiS^ jv A j <LKni,a 4_ca <jl p -A-i-Va a c_fl^j»_j 

^j_fl^)JLJ J_ll * *^4 .11 dJLjJb jXJ p (j i £“^uj_i <4 IK JU A. II ^Jf »■ A L 1~ \\ v_) b jr^.i 

|\ j il ■ 3 3 ^aJoj-o (j Li^j jj-S jl <~i VI 4 a 1 m a I m'l m i j 4 1*\ itu II 

cdJj ^ (j ai-nxl ... a < p ^ -> ^ ( }'iaI MIA (jjj 4 -Lj>1j jj-lo j_y® Uj- ^ - >J 

(jj-iu a.i V (j-*Ul < jJI dLL4 L° 1 1 II f. Lj^A..sk 

. ^.lITh-U^ Jj£ l$_J JjlLlu. 1 ^jLa^>J JK <j! (Jj,^^ < JlIAJ ^| ^yd I i ll a JI 6 j-A 


^_a Lo-fl < (jA>^ j ^j-CuL) Li^ < ^ U \ a II Lij_uo Lc .^3 qL-u^LjJI j»J Ijl 

L>^ LT^i AJ^jJlJI Lj-ilc. <(2 )*^ a a ^sLt^l J7 I^^JL-luV^J S<Loki23 (£»i-!l ( t jj) < ^ a II 

fi f> 

S& ^*ijl i ^ ‘ ^ ,>UI ^^^>^-11 l^- LJ 'i-^^5 I ^ a r. <Li-uj^LflJI <^7 ^^_!_lJI ^_jLx-a 

4 ~ itt sL-La ^ ^1. Kant (1804-1724) -U-* LK ^a sli mK ml < q ■ ^ j 

jx^l5 j) a 4 < iTt ^aJ! 4 ii i jiiUll ifl^jt-AJI ^-A^j <4 ifl >J)-Lfl| , \ i a II 4jj x aJJ 

3 ^iJI .1781 kritik der reinen vernunft ^a^a.11 j£UI Aii 4aLiS ^ 

4 > ft II .analytic «4,> I \ I ^ II » L>1 ^ 11^ synthetic «4^i * *Kj*i it ^ I A ■ a a li ^ t 

J^lK^ll 4-la^Lul^J ^yO J ^ II ^lj.^1 JjlA I 4 iA ^jKa > ^jJI <ilt j^-A 4 J 1 1 -v_ll l 

<^j) j* \ u JK) L-uj jj-i i<~i ^j^.1 jj-Aj <Scotya Laj^^ui Ja_kl^ (^12^1 

<&£- (jl £-0J .L alK «J jjK 6j_^k <j| jijj .(jajallH^uVI (jjj^L^aJI (j-a <£ ja% a (j-a-^> (j^ J 

.J»£ t ajiX J j LLj ^-1 <jl jac Jl ^ oJl 


( j-& jj-aJI ^l^l a ■%» <j-AaJI u - i LK ibJ -i d -y j-i \~i jl jjJ 6 . 1 -a. j 

I jj A~r 1 jjjJI < jjj-iiiaJI jjxJI (JjI ^ 1 (_j-4 jj-ix^AjJI 4 a mjL&ll lisj^j .«cil^j <A?» 
^jjLx ^ylc. Ja.5 a ‘ <> 1 iLaJI 4 i <A a II <LijLa. jLa »A .jl j ^ I U i ^ » II ’ j_a 

.I 4 J ^ iA^~ ^jJI 4-i j> jl I J l Jx.1 j a II ^ If j t4 1 <Aall a j_& Lfl i.o jjK"rt j^JLlI ~-l ^ K II 
<£^$-Aj-cJI ^4 o jja I' I j 1 9 j_y$_i V (_yJ.ll tilt (_jA ‘Luo^jjJI <A-iA.fl.ll j£J 

f j^_yJJI a-l_>-o-a. J jj^jJI 1 « ^ <jl liLIj i« j_yJLil j-a-~i. I JjjJIn <■ 1 <A 4 II ^_fl LK 

^1 LLaUI j_o jlx ,>-‘>-ll (jl j-* 1 * jji.a > j .Si\-t.>~». iijjLs j a.A Lit <A all 6 j-A (Ji-« j 

1 <_> jALil j-Q jl 4 " ma j a 1 a -1 II 1 1 . a~ jjiL 1 *■ ' ■ ^ 6 priori a . -s. I " '« " . . .1 LI 10 a 
■ <ij~»." II If. ^jjf.jtl <La_i«a ■ a Qj~ 1 I a wr <0 pOStSTIOri LJ jf J~> ml LLAfl J 

jx. j ■ ~ " H i< 1 1 K^l II a . ~vl ~ *<~ ...VI LLAJLil jl ,U *»1 ^ (jA^^AsI 

a 1 a ... I a II ,-.V j l ..." 1 1 a ^ ^ . — .11 i_flljA}M ^A iLj a-I II jx <lflluii j£J <5. IjJ ■% 
a ^ j j_o j_aA jjjJJI < jLojJI j jKa.iL ( jL»~~i oLAl^ILsI LI A a II 6,1 a j-o-AA j 
• LljJLajI ^J_fl Lo <JLijJb_i La^KIjjl (_j-a-AJ j-iJ-1-11 j <<JcL in . a .J J jl I - i A -1 _> V AjJaj 

<jua-uJaJI jljx^fl C.A. ' laL J a ' aV I 4 L It. £ 11 ol lflx«-a jLa <JajK ^Jl <.1 mi ILj 

*> 

£ (_j-A oLaL jJI cjLa j_La jl j_> _ja j . <_Kj_a a_i -il ~ i~ 1 ill LI i A a 

jtlLuaa I JA a " ,^i II \ \~\K 1 .7. Lo <5 j^Li ^—Ajj (jLojJI J jl Slal l CiLj I^~|1 ~k 1 

^ 0 

.dljjy) 1\ V llLaqjl ^ JoJL> C<\ I ft3>1 nil 

if if 

^1 n 1 > K.ll jlxcVI t-oLILo 1 \ \ i7i ‘LaJj ^jLj 111 ^Vl (j)\ 

^ 1? a'*’ 

oi « H 4 0 ■ 1 * 1 0 tjkJLxJJ a j a 7.1 \ j-> ‘C^j _ 0 4 i^LUI a aiI Cil >-*laLa> 

^jllI J 4 JI ^ aoL jJI <,,U ttt \ intuitionism 4 uuja II xliLj 
^ IIaj .L.E. Jan Brouwer (1966-1881) \ 

1 907 ^Lc 1 ^ .4>, ilLujj ^5 tJJj ^ .topology LLa^Jj^ilcJl ^ <<» 

4— ^j| ^Jl j3 <JajL£ 6 j^-S aXi j JJJ-A \ 4 1 c\ -y 

« ft ~ 't "t 

.4 anoL^Jl (_^uj ' lal <aJ_um jLi dlljjjfl £-a Caajj <fl-ii^ 6JA j 4.i.Tkl.j.*v.~>-iiil 

L^_lc. 4-faftal 3U mVI ^j^,A,aII q! £i \ in A II £_o 4-^ laiVo 

<•> 

^ > Ijjfc J .(9 q! \ t Call (ft I ,111 n I 




4 "k 1 7k 4 II ^j) 4_ukl^Lfll K U k n 4JI J-£fl <jl 

.^jlojJI j ^jIIaU 1 a jkJjfij L^-aI Cuj » <J_»J_» pi uhliA 4 _aa 

^jbs-ft II 4 _ujIjJ ^_A oLi_uoL>jJI <j1 ^_fl J-ol^ f-1 4 _j| 

^2)£ 4~ pi * £| J^\ .JadLfl 4 au£^,oJI ill \ 1 ^ J <(jLoJ)JI^ 

4 r. ^ aa. aI Ua. i « » /\ j 111 ' 4 \9 t i t- H jl,j£ ^1 £j\ <JjliJI 1 \ 

J-^JI ^“laio ^Jh 1 (j \a 1 t aJ Cxi^-aJI J .^"vaJI (jlj ^j-l£ *^La^aj£JI 

J^53 Lf 3jl 4 a ^I kJL ^ja jil :*JJj ^ dAjI ^i\ jj\j-? ul ^ 

J^LaJI eJJj ^ Lo_> u^ jy* x J <LjVI A>?-j ^ ul 

^ i# # 

j_i£. Jl ^_A fi> J-A jU\ll 4 ^ 'yj <jl J-lj .^^£.1^1) l \Uc jJb Ija^.1^ IjJ-l^-a 
4jL >1~1 a 1 jXjjJ V (jl 6 jiklll (J-O f^lAA^J ■» il> \ ^ H j\ U^>l 

. <^JJjj <La j t.-kLui I 4 J 4 a i -l q ^Jl jjjUii m ^V^l) 4 . a jii H 6«AjA 

i# ' 

LaL-uaj <-UL_i-JbJI jlj-cSU <jl ^JjLLII j-h ill 4 fl j <\ xuJaJLa X &~\ a j j 

^j_o j ^ a > 1 ^ “J q~1 j^a t oLj j)~ x ^ 1 ^ d q :L^_> lj_iiiL-o I 4 < i.,\ ^k LU ^jLjj ^ 1 

ll>l » m i ul 4-l^k^Lo [\ tic i^x±iia JJ£ jx^_Lo J \ 4j| I^j .4_ujljjJl 

<L^-1 1 h>a 1 ( M i 1 >^>lll ^jc. 4^-ttiljJl oL> j\ 1*^11 J^ai! 

^ ^ » » 

^_A 4 \ lU II jIjx^VI (jl jir> wll 4 () ^v j ^-■iA < !La^j .Ui^l l^ljjl 4 _j \ 5j-o 

LajLIcI <_t^k > i ^ -cv..iv Jl (JlLo (4_i_>l iAi7k.11 qLa 1 a a II ^jLi laa II 1 uUI Juh I jL^Jal 

<2+3 = 1 +4 (jl oL^^U I j*s a^ .Ll i *<^3^ Jjk-lj ^aJI 4. i IS aJI oLlLoaJJ LaL^^i 

(3 2 4-il «A)I 4 Ti UJ ^J_C j^v^sJ l 1 \\ 1 X i :ol A^-aJI ^yjQ icjAL^-O ■ \ \ A >*> LlaIc 

.^jIIajL^jIa At^-v >a\H ^j| j^A (4 ^Jl 1 4 o l ij^ c. LAj! J 

I j-A ^j-jq ^ <AVi V ^j_A ^ <4 i aaiJ-^JJ 4_*la_x_o 4_^£j-o 4_aj 

j^i Lfi^ ^Pl SjLjiVI _^j ^jSJ tj <Ala k a II 

4_a IaJLoJI LiLukJLlI j— o L^ j_a J_oL*JLj ^ " H <JL^-1L> 4 -^j_j (j I » 1 4 Ij_aj 

■»9 

^Luj ^Jlc. Jal iiu L^a iaki^A V ^1 ( qIaj^ a a*\JI ^j-c 4a ^ ~ i_fl.ll j \ c. ^1_C. j) a 'N-oJLj 

< Jl!> o Jl Jaa -uj .<jL^_j^UI ^-<s S^-iIiLa-o <a^) ^k ~ I V 4_j| dJj ^L^IjjL 

Jti a aj^JI ^jl^_A_X-J 4JlJI A a ^_A t^-la-A— qJI 6 J-*o-£ I J^.1 ulLlaj^ U mjl c-Aj-C 




<j^J 3 '-«i 5 j-.AJi H (j| <U>JL> ‘law of the excluded middle aJI 

‘ A_> 1 1 1. \ II olj lAlj^JI jj-S I % I^t J l~~u l V (jjjtill lj_4 . < 1 1~>I A. jl d -v ,^. 

P ^ P P ^ 

jl <La_A2i_ao j V dj| jl Ifr." ~^n~> <j-ua3 Jt5 

lj| V| <jJciL?k jl A.~>. t-i. ±o l$jl ^ ila!l ■ ■■*« V ‘Q-^JLaJI LjJS ijSi j -Allcil "t 

<j| Jj-S-ll 6^ <_*-* £— Ai-H (jl .1 o " ^^Jlc jjLajjJI 

->. i^~» dJj (jl (J^jill V /d‘ Ul a. L (j! I ^ 

jj-4 (j^-Lll alj o -> C JLa > I j ^JUt a LiJ_yJ8 (jl JJJ Ljjt (]).l.-> 

S’ 

(j-a §_>£ (jl Lj-Jj-5 p(j-aLS_j <c(>£UI j>~a A-j-i-a cgj "*"^. 1 i3j J ~‘ "*> 

jJ-j^-a -A y iVi II a jji jjaxS^ t _yuj.aJLi (j-aj|_a_ll jj^J <(j^JJI al j a ,jjjjj_aoJI 

(j'N. a i V Jgjd a II ^j-S g-lj * Ct '-u-i I £_>■£ A A 1 5 (jl A j mj % II 

(_j_ a a ..1 1 4.~i~i J i\'i ixi j (J_ax. Ij-A j ‘(3 j ^ '* I I i_j-® ^ j a > jj-i-i VI 1 4 ~1 j~il 

(J t-aJLuiL-aJI (j_a Aj| £_t<a ^jJI lc$J A_a-±jj lilljjfc j -A i^Vta jJX. A-C. j <i%, a 

-J s s 

reductio and Q II ^jv*s Q t ^ i ■ n \ 4 \ -t-^i *v 4 i v 9 xs 4 i ■ >*> 0 i ** >1 t t l 

bi„ufl ^ si \r» ^pll jl fP^j-KLrw ^jxaJI ^ o^ l -. 1 - 1 ’' absurdumm 

L^J jxjx3 tiLt <J ^ i ■j a H Sj jusk ,^JI LLAaJI ^jli i<_L-ujj-^JI ^ jLOj 

■ H <ola JJX LfJ 4 ~v 


^.5 <GjL^_a <lx 1 — <D. Hilbert (1943 _ 1862) oj.±J a 

i W jl ^ J-J-a f JlJj .1^) iM ~ -iji.X- 11 ^ <pl j-u t II <J jULo ^ 

.^^•Lijj^x. Li-iu»1 dlla-A JlIj <<jjl iaaII ^J-A Lxx*4^j_j 3>ii. m l 

s £ 

I fl— 1 A Cl J.Tl _l n _)-iX. (Jtil. ,UM L& Ji'if.1 Lo (_yojX. ^J-S (__^>LA A^kj_i ~ -til jJ5 J 
1j-i ClAjJI JJj ,\ V-a J . (j-ij 111 » II (jj_fi_]l 4 _»Icj (_y-4 J ijjj-sJI i_i I A 1 0 ^_S CiLi-uaLijJI 

J 0 X ^ 

^y-S (JjLujaJI i‘Li~ ClacS J-5 j . I -3-LaJ <CLd^aJI |\ ^ ~l *kl fl*S _j p (j >1 f I j (jjj_uiL jJI 
u-s j .1900 ^Lc. (_jjj i_jl > u_a j-5 £. (^jJI cl i_<ALijJJ iL!i II ^Jjdl ^ a t j. .a II 


-p a^ts. V ~(~p) at C5l (13) 




o ^ 

tJJil .ill A II aj_A j_ilJ Cij.iL A J-&C J^Lkj fjJjLiu-o j Iiif cJli-A «Gj.jA1 -ui 

Cit-C. j ^ " JjLcu^JI aCA jLlLc. 1 J . A a /s II < Jj->j Ml f j i^Lj LAJJA. £_fijjl 

<Jt i n n i_yj jic j li^li V — cj! ~k i n l~ ^jJI LiLko _ JjLuaaJI <_>S!j-o 

* s* S 

JjLiuaJI i_i.Un*t,i jjl£> ul3_$ tpljl.-vTi^aVI ^ Lua. j^Luaj ^oJI dl.l~>^> 

< 4, J- I ^a j j jl J <1 j l- i <JjLa_o 4-iS <_£ jJI CifljJI 111 > LajjaX. 

i ^ * e 

^j| 1 * ^ r <l(j xlc .L$_La jJjcLj <j-a ^ 2 x 3 ^-* Vl L>^ 

~ a J * , p ^ 

.<j^ 4 Jl_ uaaJI cuLtw (jM\ aij £~ juj s3^ JL^ Lr L p^-toJI Joi hi \ 
JjLfl j j l (J «>■«> * * ^ 1 C. ^ 3^6 J-J j f JjLuuJI 6 J-A *_> C*i^ J-ftJ 

Cjj-aJ-A J-5j . lfr.L?J ^Jjj-uaaj <A LjJl JIjLg 4_aj fJ_=»JJ 

Jl </a * * Ijj Lo ^_lc i \X i4~\ S i B*1 i ^ mn J^Luj-gJI ^js\X\ 

4 .a ii^A II JSLuxJl ail £xjL£ <^liLo-fl -m g II J^l^. (JlLo LfJ Jja. 

■ ^ 

(J^Ji \ 1 1 fll Jj*_fl 1 G 11 O <«L^-Ujl Jj 4_5_^i^G ^_)XL_Uj| ^Jx. 1 (I St i/~\ t pLj_iiU 9 UL 4 . c\ jL^jI 

<< 

j \ G II aiuaj^j 4 _ujJ_L^_L1 1 IH I 111 A 1 

Ijjh .Grundlagen der Geometrie ixuj^JI 1899 ^ L^j2 ^1 

u I r. 1 i .,. a ~ *C a i theory of everything Kf-jj— i <_>j h-j» ^ j t 

^ la • ^ a aij . L^-xC ud~i 4 > ^Lllj <4 I ^ T. 6 i^UJI 4lLi_ijJa 

a t cJlloJI ** ■ “ < l->1-$— ■ ujLj l > n.a t y>r <LoLoj 6 Jbi^ A uj_gJI 

V <g] Jlx i ^1) continuum JL^iVl ^ 4j ^ ^La j!»Lui-JI 6j^ 

* * ^ 

j i t i r\ I I iiAj-o function <JIj j,u <JjUJI L.^» ji j ^(L^k. ^Jl 

a iK II ^ ...all tall 4~~i-^ _pjC Ijj-C. Z JlLG LojAc jfl ■ — ■ II ^gj l m ~ Z " 

l ^ I <iol_4 \"^VI 4_ if iii a S i jj_lj iS .(9-1 0 .t. 1 1^ 1/2 ^jLujj 1 j *» « Ji! 

4J! iii g II 6J_A cJI^Lo .4-jJ^jVI jl^LcVI 4 _luI^J 4_*JLj 4_la A t > ^51 jJI 

4jji^JI ^)_ljC. -in a l| <^A| J.ahl J x t ^ 4 1^ 1 a j * <* 

^ a ^jUJI <4 t\lMI <HJT mr>^ , > 1 (j 1 ^jJlJ^^.1 ^j-uj <<IG ^Jl ■ ~ l Q J) 

j# ^ 

iZx tn i I O-^JI (\ I c. ol. a. I^uj^g ^i cjLkjl (_£-& < 1 j 1 in L^La j Godel L^_J 

^Entscheidungsproblem J>5JI <Ju^o ;L ,„«ll Sj_iL*JI «gJ ,,. nJ - i .a cl-.- . 





«UjL*-aJ1 Jj-o .9-1 0 (JSuxJ) 

£.52 jac. jj£. x ■*•«->->- <1 + 1/2^4- 1/3^+ 1/4 2 +. . . — 0 
4 i ArtjJj ^£jcwl .1 j 0 JjJj <JHa_oJl Jajj^ajl ^_S 
*-Aj <J jLjl-qJI 6 j-A JjLajJj 

6J_Aj}^ ia-J ^,i !r >.. n I J_jfc lo »nj £_fil jJI p. > a “ 1 1 i a II 

^ III fl 11 j <^5^_oL-fcO j-jljjj 1 ^ t 1 } .j L U 4- XI 1 ,Tk 11 

.<JLa. j£ 1/2 Z J^LaJJ ^ y i olaJ i 


^ ^ ^ #= ^ * JJ 

jjjjJlj A. Turing £_jjjjj jVI J-Aa <j-a _ u. I > I m cJ-ij c» i 1 j-c ^ " '1 

£ya 4iLa JJLC ^Luli <Lj Via" 4 i LaC |>-La -aea1 ,i - A. ChrUTCh (jljjjlijj 

■ V j*l Jill <i)La <JjLa-o Cijt^ Ijl La <Sj*-e ^ya «Cil jIia.1I 

» f * 

<.j_K^JI <wJ L» jx. jJLU ol j / a!— < Q-iu-Lj cj^-a-1...a 1 i A . j i ^ *1 

:^_ 5 ja^L) i a a 1 ja[ Ci a m 1 jjj Ljs-^Lo L^-jLSj o'-* »aL>jJ 1 (_$ij c3j .formslism 

*= 

■ <’11111 Ctl j-fl J ixlaa ^ya *11 "'» JjajJJ 4 i ^ Vi ,a.H CiLujjliJI jjaj LaJkljA.1 

.^^la-ajl ^yo LaLaj 4_Jli l+£] < 4 . 1 . 4 mil SjUi <i LLLajl jj^jJt 6 Ct J^jlujj 

Cil a 1 ■■■ a ^Iaj . CiL>- aiiLi j-1Li 1 ,t ,i 4 i 'u ~i La L^J ^'ii < V JaLaj^l aj-A 

^_Aj <U1 j » a i a i C.il <iT-jJl < <~ j taj j_5j_ou C.i m > I Lf->Li '4 i ■ Cl jj il < ^.U-i j ! 
JX.I ji j * i laj <* L . . .1 VI i.li. JaLiji Cilxj n 1 a II 6 j_4 A i l "l ■ ■ |_IJ < 4 i j*\ a ij~i 1 1 

L^-i (_ y i nT'i ^ylJl f- 4 6j j .^ LijJI (jU <^.'i- « -<JI llfjj .Sjja_o 

<finitistic 4 1 &1 *.~ a s j-ia jJI 45 jjjjJI (jidljjJl jji ojj 1 a 

5J 1 Ijjl CiLt j.ai all aj_A (_p^ <j ^ < jj^ijJl (ja 4ijVin Cite, j n -1 a L^j| ^^jjLAJ 

■ 4 tfl"i'i<i ■ ~ i t i ..i Lij 4JLaVI C)1 uALijJl .'1 (? ~i 1 1/1 ^ya jjai~>llj I ^ j^ii (j^ 0 

{ j}lC. .~|1 a 1 1»~ II ^ya cjJtjj ^ ~ I I <cA I <^,L jJI pljj Lo Jajj 4„l \l\ 11 Sp^LaJI jjJx. j 

jjjjJI 4X. j a -V < 1 II a j_Al) Cit la iM a J i.j ( j_A J <4 i-S lAaII CiLlu^iL jJI 

(jl j <«Lo 4-ij V i*\.l 4^ol_i 4_oiLt 4-il (jAc. a j i ^ii 4.~i i_,i i i X» jjlj <«^ja! 4_i Jua 
eill 1 cjLajI IAai) jjlj <« ( JjiIS La ' l i o 'i J i^Ac. Jcl oljLiVI 4 'i i »_a byAjt) 

j^Jc. ^ii<j 4 ‘i’s a a 11 JaLajVI L^jLi L^jlj Cil i iALij-11 ^j-S j i5L.4~l 1I LlifLa i j .«^_gj£.uJ1 
#= ** 

<£1ja lXSj .tit- 4_aJj» (Ji-a CjLs_»Jjlj L^ialjj (_yA!l CjLui^sLijJI j <^jj.U.ni II 4juSj 



iiK-iJI ■ (laL-iJI Cj ^_L< ajJI lj_4 jl Kfj A i >SU It's n n <1 i-vl~"al 

jJI qj-oj i -tl ■ ■ ^.1 ^ II a r^jLttllJ J_J jjj 6j^a a <Lj^-o^ CjI * i^iLj^JI 
■ liAaJI ^jJ! Jjju l^jl f «^*m h id CjljLiiVI (_y-Aj ‘ J im il l ^jJI 


*Lxj ^Jo^LsVI < ja,iljJI (_y-Aj (ol i .AUjJI < » i i In j j*v a" 1 1 (SJ^ ‘Lo-j 

dxi> j “ ij • < *- u '. j«aa 11 (jjj i aLj jJI j .Platonic realism 

V Sjjb CjLc j.n r>--a J_j ^ ^y-A o L i.i ^» LjJI J LXj^i ‘ *J ^ " jL- ^ - W 

fi 

(j-^ ofj-ll 4-i-uj-L=JI LAjI f-Aj .L$J 

j-5^ ^kJ Lo (jjJ JJa-> LaJ j (jlj <J-3-*JI CjUoLi-tu| J^.1 CjI j 

CjI i fl*i m A 11 JJ 4-0 pLa in] jl jlj_C.SU J^_a.j S? (— >La-C. ^^-3 <Lj1j 

Jlc^ ^JJLi j < Q * Q <4 1 ni^ 4 i K ,Aii II ^£j_)Jpo ^jJ JL^JI J-& Lo^J . iijI^ILaJI 

.(jylo i a.II L^° O 4 1 1 J CjLx-c^al-j^JI ^jl ^Jl > i A Jj ^iJI 4 jL1oL 1a J1 

Sj i^_fi_fi-oJI <Li^^-oJI 31 platonist 4_xj^JoSLfl^M 4 ajlaI^JI ^j_»^_o * yj 

jk-A^j <1 fl i juj,ft 6 J i^_a*,^_aJI CjUSLUI CxJ) * I'-LA .4_ul3I^JI 

^-$-4 .jJL^JI Ij_a ^ jk_pM-oLi JL^cl ,5-^Jo 3 ^ Ij4_» 

Lot t4_L_a_La_-v qL J \ \*\ |^^-1 jljX.yi (J \ ' jCTla |j^ Ml i <4 ^ i ^ 11 j) ^ o 

^ 1 a m \ s 1 a > .Lo P^_ijj t ^jLcJ jlj_c^l ^-X-J oLS^Laull 

Jio dJj !(] r>* <4 ^ ^ A ol^Jlj < olAix-Jl J < 4 w<^_l^-T\ m a II L J L II a 

<4j > AL^Jl 4^xLaJI ^ ^1 ^-jJt3 4 i X lii^k, II JjU-JI Jl <jj)A <^>ll 

tjj-uLijj Ij^Aj ,4-xailjJI ^J-O oL5lx1a 3 l5 -A (dLlj ^3-0 Lxjjj 

pi a If. ^ M 3jj r 4 \ 11 ^1111 ialj ^ *>Vlj <4 1 1^ <ti 1 1 4 a % o « II ,~tl_U q -v " II 

<Lfl_xijL.ll ^ ^ i jAjLa-o ^_fl <4 _»J_oj_joj fl ^ ~ -*^ 1 1 (HHi -Lili-o 

> j; <''’$** ft 

• LfJ JjuSj jJ jJ 5j ^lia. <Caj Jjl t jj_> J -t JLJ ‘Q > i jii>W II 




^ _ i. fi (jl 3 Lo-Aj <4 fi g fi.ll Ci j 1 1 a jJjLuj-o jj-* o jVt m 

(_£-UaJ jLi iCijS jj J i in La^j . a j liLfi I ^ . II « a /ji ^ a~j oil j^oLijJI < a ... I fi 
I jl La <-S_^*_aJ 4 i tv ^ ) fi <ii_jia (jc. * > .. __i-j1 tjljil: 4. !t ••• * 5' fi 11- 1 n.ll {’ll" <JjLlu_o 
.<■» I II lilt ciLfi-L ii-o ,JI n»~i Mil_» jLajjJJ <_LilJs <LL^fi_> 4.* 1 1 Sj_>l j ^1 

^ ]l f- I n A.* I {(jl i. iifiLij 1 L-l-ij-t C^.1 j O-S j (J-S i<JL HI n II fi j-A JjaJ (_g ■' jJLi 

fil^uil L jiijl ^jJI <A. Church (1995-1903) ^jIjj I UU (^f>°VI (jkloJI 
jj) 1 1 1 > il n jVl (^-jUa i II J— i <-»l . i_JI ^LJI j «X, -calculus X. i 1 . .. -v 
jVI ^ ajuu <(<i t IkU I <in ijaJI <jT>» _)^x~i il (_^jJI <A.M. Turing (1954-1912) 
‘ l*->L ... j^iilLLfi I » *l<l ... (jliUl (jliSj^jaJl c4l£j .Turing machine h\ 

a jJ5 fii-A j . Li-aiLij (jlllil<(~ifi l. fi . ^- i ' a . i ^Ia (jl I j^.A 1 1 Li jUC (ji_£_4ij (j£J 

<jl j An uj jo jJI jj \ g lnl J-c. L^jjjJa L^j ( cjI (3 4,. 0 -g. n 

W ■*’ Jl * yt 

CiLijlcJj LfJ jV £-i-ij jj <JLijJ=i J.C. j^j’i in .j^VI (jc. 1 fi A J ~i .l LUS (jjJjjLj 

(_£ jj! <Xi (jl « "■ -> II (jl J-q^_i Vl ' xa-i (j^J “ ■ i ‘ “l_j -i- 1 1 t_a jJtll .\ ' ' -- I I ^sJLsj! £_o 
software varieties o tla^>. j^ll oLc. (jjjl— ujI £-0 CjL » jl_a— » ( J— OJ J -LXL > 

• u-A-Wil j^wJl 6J-A Lg loJUufctU ^yjJl 

£_>i J;Ij (jjj^ (jjjJI (jailiJI JLo^l <il JLSj jL^a. ^ <JI 

Vo'.’. ^ j falgorithmic computation Auui^aJI ^ 

i> ^ ^ 

(J^j .(^fijj 1 _ 1 J -u.il a J J. l La. 3 L^il (jVI (_yj-!l J {J-jlllJL Otl^iJI (j-o < l - m ., 1 ill 

^_s code-breaking 4 <ti 11^ cLs ^-a J m ulr^ a 1 ^ ^ 11 

<yi\ ju.itiiLo LauXjlj ^ 4_laJL*JI Jl <h m .Bletchly Park 

(J-II J-iAiJI a>*JJ J-ili J-fiij JAJ-mAJ) {_1J-I.u l a J Jjl (jJI (J,“S\ 

<rvl r>..'i I dJ j j ( ol j i 111 (3l ^ .I.tri k ?k H J-ol J i u, 4a ft l A i ll & J 

jLxJI c 3~oJ Olj .^LUI (j-o i - S i I I d-i ^ 

i J> Jl 0 p 

Ci j-n-iJ <_tc.l-n~i-i.VI 1 —sljC.VI J (jfijl J-Lll <-La.V-J (jl (j-ij itj t .11 (jj-sjl 1 <-i<-i~i‘ifi I _j*i K il 

g s # < 

• (CtjJ <jl^ uis) u* 

(J<- 1 -L I ti I d ^ I 111 1 <iijJoJI (J-S J-A ^*lj aLX-mV J— i-ljjj ^ » m cL) 




.n \ <|j nil <Laj (J^- Q 6 j-A CjI, XajAj ^rvvA > <CjL>I pI^^.L» ^ ,^5j 

S ^Jl Jjp V i k II JLL 1 •» <L$-»I "N. \ L$ ^k^ia 

, «* t * 

(jjix jl ^k ^A 6nC3pSUl3t6d ^ 4 _Liu4_i^_o^ <LaJ-*_o 1 1 <CL^JL*-o ^A 

j-L£- \ ~%Sj <A_>j-o Li ilk ^1 f <ui5 oj ■ U ii j ^ijj Jajjku c j-0 

<^Lux^JI iAaxlI ( La^) >Ti \ i (2)1 ^j_iiiJI ^j_cuL=JJ \ <\ a 2^ 5 ** ^ 


(Jjjljj fl 1 11 v_il J-jJl <4 U l nijJI <-Jj-A.^I ^J-C. ol ik - ?k .^Lo J > 4<i J J 

t a jpk o P^_oIi iS^ < j^-LijjLj imm \ i x 1 4 ,\y r> ^j aj <LLikJI j SpI^LLI 

6 j^-J Luk_>i a a It (j-o j <(10-10 Ji-AJI) ‘Ui-JJI dJj 1 (j *n l »J (_yjJI 4 _i 1 - k I I 

•LsAjJ^ JaJj-iJI (j *o Sel_>ill (_>u1j (jJ ^jLLij Jj-»j (jl 



LiUi. ^J[ , ih $ a i3j^^ ty ^- ~ > - * i - Q j i C - Ja-jj-*** u-° -*10-10 j ^ i <i I t 

LLflj I^aj Lo_> II j <2>-ojJl S*ljJ5 SjjLi <JI «l&jj <^1 j Oj (jlj^jJI I $ j jyk-a_i 

clj a^Jj rl_» j^lUfl dUj 2)-°,>JI <4jaA J 1 (ilL Ja£. <LlA (j^Skj (_£dJI ^.l^l^JI £—ua^JJ 

Sj^a.j_oJI pl^-uaVLj <-ilk1«iJI <JL^JI II lj-A (j-fij •6 jjL^a. 11 4-llk II ^^1 J^jJfcLaJlVl 

^ ' * * j 

^^Lll <> !•> IjJI 4JUJI «6J > j^.^_o <JVLi :<lk-a-a <J I .~N “> till ^jjVl 1 -iU-^ a II (j _ lj_»j .S^-ljJflJl <—8^3 

Lil^ja J 4Vr> j < < jpLaJ > x)l ^ <0 1 j> “> Lf-jLi <4^-pjJL>j fl j (p-j .All L^_J| j-> ittj 

* 

cr^l 

<(^I^JI ^jl^ <1 Uj 0 ^^>-11 Lfil |J Ja-ij-ujJI Li^Lk. ^jl (jojlal xu 

<<ula. II ^J1 5L»LlkJI J <4 t Ik II o 5 pI (^_Lc jjLS <2^-LkljJI j i^ £ ’ 

t s* ^ ^ ^ 

< LuaIuaj J fl > J £-L»jjlJ <-JljA-o <JI (2)1 « jl m t II ^Jl ^\ (J * dl ^Jl f.V-^1 j Jkj \j 

L^-uj1j L^_i id"\ ^kJI 4 Q tjk II ^_lr. J i l~* t j I I ^ lc- 6< \~%*1 Lo ^ Ir*. plli (jLar.^1 ^_ya 





<« 1 » » ^ ^ £) ' \ 1 ^J-C- 1 ^ Ijl < XLfl <(— a xa> I UU 

(_jJ[ jJt ' () » ‘ *\ ? <0 (_$-ll JaJj-i-H (_f-lc- <( 1 ® J- JJ * ' 1 4 *»^ «J < 

.0 : j jjj <UJLaJI till*) ^jS j . (j ia.iJI ^jj i _'■ -y I j s j U -s. l ’ I j ^ i l l j <«2» «■ ■ dj H 

4jLk djjaJl J La_a_>xj Ul9^-* 1 ' S S <0 «2» ^ ^_S ,_y*j|jJI I a J *4 f j 

^jJI 5 \ -%.! j <jLL cl j-^L_ij 0 jjJI 1 ^.ij > <jli <1 Ijl <jdJ ... ill ^J| Sia.1 j 

<UVI Jt a 3l2 ■ "I j'tj *ir *4 <1 J „trw 4 a, a i^-i-a oLil " ml C' >1 d Ijlj .^j u ill 

jJ5 <GL1 ~i i <>! j jl! ^ Lai Q 11 a \ a.mts's II .oLl i-u-Tk II JjLcI ^-v 4A.Q 1 

w 0 $ $ z. 

oLL^JI 1 U A.9 xl\jt a 1_1 a 4 1 j_ii- < 1 1 U \ oLL^JI <Ll»_lo 

. <14| l«^l*i, v 

«*J -ig ^ *> 

(_y3 LL f-l_>-3>.l £-0 <6C-lj-L!l (Jjj| jJ -k-lj <11. 1 . 1 (_yl=>L=k jO-jUt" <JI 1 _JS 

LLijJ '* f < 4 id-n-g II j-AJjjj CjVI ^LUk JX. litld-oL jjl (jdjJLijJ .1 (j I ~J J 

Ci a 8 I Ijlj -Ij-^. j* I Aj <t 2 <ti c_alj-^.5/l_j 4_ij_u&-o Jfrjjlt ( _ r ic ^gj)~ > d j ^ ■» 

.OUtpUt t. j>*C I n » a I Mr . t -v *i ... a r ~< fl o .. i j n .1 JJjlj CiWl dj-A 

^ ^ O Jl m ^ 1,1 ^ 

■L_il m~4. II 5_iL^_j jj-s 42 jjjJI uJi-s <3 JlSjJLi tio ilVt L *l« a 1 Ijl o 4 

t> iiJj-a Olt jay* S^.^1 J-i /_^J . t-io(30) = 42 1 t< -> i'i‘t II *jj^ jai m. I~ I j 

*•■ > ^ ‘ Lad <lj_il ijtA. ^jJI > il 1 1 1 -w II l_^_i_S J-uaj V data ^ol j In » a) CjljLjjj <JI 

^ 22(1 ”7) = EJ - ‘~^ ‘ << a. i~ j II ajui ^J'-' 1 a. I~ Jj .17 JJjdLj t22 5JVI |>. LL Lajjx. 
cVVI ^ * a a. ^j— a I 4_5jjJa <Lo_> JjLd Ijl Lo_i_S t It i 4 Id in g 0->tdj 

(Jl (J^uaj-uj i >1 i*ir> II jjld Ijl La Jl 4 II Ij-A ,J_L<a^jJlj <l^ ~>L il a J a j «LjdjJ.I 

LJI j j lal tii <JI 4 \ I rj^aL^JI lj_* I ' 1 4 T' I 

inputs Cj^LLj-oJI JajjduJ S Jj 8*1 a jjl (^1 £ydl ~>-~l! (jd a > 

(j-o Lfij^a ^-oLi_^_dl iij . dll 1 1-1 » all ^jljJI j <^_oLjjJI I a A.' ->1 ^^jLa-mj <J*ifl 


:l g ta-iA ^yt ^5 I^J-o jjX ticUJI CjVS CjLi^la^a 0^") 

http://wapo3.informatik.fh-weisbaden.de/weben/turing/index.html. 




^ t- s •» 

( _ f jJI <JL)jJaJI ( _ f lt Cil A ' I *~\ II jj-uad ^jJiJI jl>A*VI d" 0 j-C-J) « '>■<' 

Lo 001 JjlSJI (_y >» 1 dS <Mi-a . -L-ij, -till ^ If 6 di_> Ld I 4 J ._i |-%"t .ii_l 

^ ' f 1 j ii < <1 £_ao^jJI jj—S "■■ ■ j . U >j ,t, II ^ I f 1 Qjuxj Ijl :001 

Sd^-lj & jLL <2 j— ^ijJI (_jJI ^Lddll d » < A j Jj-^j <0 

. (j 1 n \ II 

La IdA *** ‘01 0 J ^j!$JI 1 j| < Jj-dLiJ 

6 (J a " *»l ° <2 ^ ‘OJ-11 (_j-S <-L— .m II u I C. 0 OJ-Sbj Ijl :01 0 

a J_d j <LjLa. ■ ~lj ^ ~ J <0 j_jJI 1 j-iX. j jdlt t~. <1 Cj1j-S Ijl d^-1 o' 1 11 1 11 jjJI SdaJj 

•(jf ^ 1 lA 

s ttf 

^jLiLa c.), \ i \ IjI ... 001010 ... (J!Lo p- 3 ^ 

oVT ^j^.1 I^JLj cH-^- ^ 5 -® W* .tu <-LLiJI ijl ^ ut \ m 

1 (? t^-5-j <-LLiJI <JVI <iajLfl C.A. 6 It a It 

^ i 

<10 LljL^ <t^ £) Si^l "*■ A IjLfl I jSkA^ . Cjl lU» A II jx3 <1 (j XJjAj 

Ijlj .CjI tlr > X ft II jk \ Q ilj <t 10 Ji-o J-a-3l 11 6 jl JX-V CiUiUUI ic.^-4L^-o 

« ■*’ „ ■" 

< \ I ^ x 11 6 j ^ J 42 <*_jl j ^-11 LuLi <3 j j x II pi il->» r> 11 c> *IX 

J)Jb A t n^5 J j-uui V I JJjJl o ^ ^ .tu(1 0,3) = 42 ^ 

■ Cil '1-I« 0.11 jji d- 0 - 1 ^' JJaJIj «Gl^l n.l . jjl ,‘L'ujjj <JI JJ£. 

<J1 d;) t_jL*_LJ_uj| 1,..|} \5 v.aj <JI Ol d*^1 (_^a^>~> ^ ' I 

d l L * O-jLS lj| La <CjL do_*_aJI d~° ‘^23 (J-* -0 ijj-~t-l 

fcjjfc <(_LoLiJI <JI ^.a.j,i.i‘i in .Ll^a. ^ J->~>.ui L^j| j <V L 

d-“ j irol ^ Lc.j) ft y,.A th c> < ^ IjLs (halt < a. 1.5> d-° Jjl h^ th 
-i-iSjjjj 0 y Lu„ th dM <17 j t23 Jlo <oLk*-aj 

t •> ^ & 

d^j < < \*\ a aJI oVI ^ lA-v <Lajl5 5 1 o j-ic. th dl (_$-* ^ 1^~ * 

. . ^ t ^ 

j T ^i 'V 1 Ij^. <( J .1 « ti ^ A*s l A d a * ~> u.il <dJj |J..» a.» j-t£, ^ j i j»_j 





j-i. c. j-Llaa a 
& j-A gljjkJL 


j-ix. jlic.^1 jl j , 1 jjJLil *s 1 $ I n»~i ml ^jlJI diagonal « jli s.ll» 

~i~ jl CjJjI Ijl y-jLjJI ^ m ti l ^1 j a ft~i jl (_>*.LiVj .SjjJX. 


inputs .~<M t a 'I J_aJLjuujj Liil j^j~ a", I La^ j» ■■■» j-a-aJI jlj-il jl 

f “'Sl l <_j-ILlll J!LaJ VjUa. ja-tujjj <to,t-i,t2,--- £-ajjjj ja£. 0,1,2,... 

<Ga j-tojVI (jjjla-ll 


jiuiaJI 

0 

1 

2 

3 

0 

□ 

□ 

□ 

□ 

5/t 1 

3 

□ 

4 

1 

|> 2 

1 

1 

1 

1 

3 

0 

1 

□ 

2 


jlux-VI J* JjJ-aJI 




JJX. I4J J < ( *_u jj 5 <JI a U . ..1 J . 1 ^ >1 j*\ a i (jr s.!i jLiC^I^ U-|I ,a-> II <LIUI j I*s n II 

, a "i < C a 1 1 gjjjjj oVI g > a < > <1 3L~>tl *j U . , J j t j a , 1 A ij 4_jV ^jaLjjjVI j-a ^ 

j 

■ j'l^all O^Li.ji.1 g. <LtaL*lll 4jjut£.1 jj 


th jl a A~ ihL) g_jL~vY.il jji.Tt.ui <SjjJI I j-A yS j < jLj alj^.Lj jt j Vi h i < jVlj 
j-* ii Vlj <t_Lsjjj jJ ujLuuaJI jl <JVI tiijji Ijl 0 (j li .■» * I U I uli i yjJI <S?jl 

1 ^ T, , a *, I SjLxul a. to" ^-A j . , iflj * > . . , . tLuiaJI jl Cjjji lj[ Ctl t Lt X all I 

jyjJI CjVVI jj^J jl JjjJ V L^-iV <0 jJjjJL □ j£ “LtS <~1 , Al »~i Uil (_^jjl jl ^ . a I L> 
^ ft I j t a±i£. t -«"**! A “• W ( j - o <HLo J J j-i ^tLUl J_c. S ja 1 ^ V<1 -“v t 

4.13 th ^jLi <2 oLi-laJuU^ <th J 2 4 

<b\ s 1 * ui Ijl < 4 ^ U(2) .hi ^ ^jl ^jit A-> ^2)-° LiLijj-^. 

tM ^ 

dJj Jjj -v.11 (j-o c-a-ujLiLI (3 0 ^ ^ 

L» .11 ^ > i . c. H 7t_i_LO-j < v >1 ni^, .11 4 tl 3^5 .i A-fljp-J 3-1 ^ II <—jLxuLaJI 

5« 

"3” 1 1 ^ U jJLI 3jjL2kJI 3“° 





(Ji~uJI 

0 

1 

2 

3 

0 

0 

0 

0 

0 

1 


0 



ImJ' 

- 2 





^ 3 



0 



jLil-kVI 1 * 1 1 x a Lo^ <0 «LlS (J-VtXi j»J (jl^o (_jl qLjI-im.t>. II liUj Jjlj 

: Jjj_=*J1 ^ ( _ s JVllJI p- j-=Jl jjaltj <JjVI 


jjrhjftll 

0 

1 

2 

3 

0 

0 

0 

0 

0 

1 

3 

0 

4 

1 

£ 2 

1 

1 

1 

1 

E>‘ 

c 3 

0 

1 

0 

2 


i • ‘I ...^11 <t_UUI <-lSLa_oJI jl.lC.VI ^ I «-iVl J Ji \ y II (jl^ LaJj 

' ^ j-i JjS •. .1 ... ^ 1 1 <.Lil t II 4 ~i*s n n II jljC-VI £->-a^. (_g j -->- 1 I .A .1 J j, \ y II I j_A jLj 

(jl iiUj (jc- £ >\ » (jJ Lh° 

j l-i a II Sj^a-j-oJI jIjc.VI j \ I .5j >-k a < K it. n ^1 J i<-i ‘ i «(j*VI 

La£) 1 iiLtoLi l j \ c. Him i j .w II f.ljj_tu 4loLf. 

^ Li^V) > >1 iii II Jjli jjx. lj-4 .1123... Jlo <-JLjulo ^Jc J \ jjjjc. 

(jLi IjJ (J-aAa £jj Jjfj CjVIj th ^jJI 5, II ol^i-1 -k II idljio (jl 

V Ijjs (j^J - Jj ' II (3-° (jl^-» (_f-S (jl 1-1-^-' JJaJI jlJj jJ_JJ ^1 <JVI 

6 (ji ^j-Lt JjVI £^>ll l-j LliV) JjVI j U mi l (jc i s -L l-^ <gI jl :ijaj 

(jl (jjs ■ Ij-Aj . JjJ-% II jl-i mVl £ i Aa, (jJ j-oVl IK ft j <^l «!"■%. * 

lj_Aj 4 i -k l—i (j_o <4_iKJ < I J o (jjX-i (jl i_i-rt-.i 1123... 

i.ia. 1 th ‘ i a ^J~ I' ill (jl ‘ I 0 '* a I i a 1U .J ^yjjl <1 i . Xj a II a |jj . c ' *»" 

_>5K! £ j (jt LjjKlj^ I >**1 JJS Cxi^ ■ <La- 1-1.^-a JJX. (jj^* (^jt 






Lo ^yic 1 . 1 <J I a j ~ -m l ^Lc. (JaLii /f-ajjl J^~ f- !_>-=». J Jja-j ^<3j 

T? 

A>^?-J f ^ i <6 JJ^ .<-jl4_> ^1 J-~-“ JaLi t il — uj ^ (jLS 131 

^-S jJ-uaiU (j-°J <*Lx < ALi^JI JjLuiaJI JJ-S J.uiall “Lolx. ‘Uiajjl^a. 

«• ^ 

. lg -w_)1a ^jJI jl_)ill 4 i t . .. * 1 


ijjJaj^iJI jLajl J _ya.l (J ft. in LoJ <J ,X<— > II Ijjfc I.\ 1 -N-^ri (jS?l J a" A A I 

'jj-i ' aII jv J1 f. SJj .Godel s thoorsm j ‘q^j * “* U <ji_>AJI 

_ <_>jLixi_a_iJl Brum 4j_ij_o (1978-1906) J_o_$-£ (_g jl.. m a '< .11 

<^l t ill* c a -v 1 Oulu dijLijoj Brno j3j_i jjVI 1 iul jL^a c_^ a 1' 

(jl £_oj .Ijaj-S <La-ola. ^ (j! JJ-> CljLCLj JuU-o jjfLtjZ ^li Lffij 

JjJ^c JJLa-ij jjj ^1^1 , 1 1 (J-Lc. Jjljjj-I jlj-d j 

Lajlj l_^l^_o ~ (1934 jfclc. SjatJLaJI <2 jL>V jJI ( _yjl jiLuj j <(_£jljJI jL^la-uaVI 

I i ij L$ai ^^iJI (_yS CLua. <LlSj ^ lAfll cJLlAj <1940 ^Lt L^J 

Lol g.-ml (J->J_yX. <Sjj^.V 1 Cl jp 1 1 1 ^-S d jJa-J LLoj .^L lAVi V La-j -a 

ts S ^ ^ g 

cjVjLa_aJ o J_ 1 X (J^a. ( _ # -ic. _pf- (j-AXx. 4-ot_*JI C i <111 II S-J^iaj (_yA Lj^ 

.(jiao JjS Lo^ (jii f 4 -! •(_ $ ‘ <*> 1 « H (_j-ll C'-^ a h i (_yJ.ll (j^lj 4 i u l 

JS SS 

jjlj I ... a*. II ^J| Cj i_jx. ° .cLa. i iji L< il^ SL^aJl (_yl[ C jlkj (_y9 L,Lc LjjlC 

* * s 

(_yj) <J«_o l_Aj .J.<a -s.1 j CLlJa^o <L ilj <S J -t ~ o II tl>LjVj-Ll (_yJ jVI CjLij 

I J.L1V VLtij 1.3 j>J L^j| dlllA ^ _jill <lic. (ja J JJ^JI (J (X jl '">. (jjl jj-l 

<_»j_i_L 5JL!I ^LiJx lUjJ-j <«Gl ^$-^3 -Ja-s 

j^Laj JLflj 6^ol^-o Axxxa <G| 1 31 H ft /> ^,)l^ jJL) I jL^-La-uaVL» 

j^- ^ ^ a. j UjIc <J^VI Lffi J-^ 3^J J cr^l 

J? * t> * + 

-lij .Lc.U5 (jJx. (jl^ <(jj>~l.m't_>J ( _yj <J Sj tk-v Cjj 6JJLJ (2)1^ Lo 

Jl j 

j3j <^L*JaJI ^C. '*->** ql^yi) «Li3vaL~> II e-^-uj 4, a. i"i‘i ijLo 




SjlfJi 4 jJ^ 1 La LlA^ (dlijJ <L^-i-U ia.fl.fl Lal^C.^li5* 30 4 j^j £_b 

^ * 

.<(<j mil <GI 1 <Aitl L^-ifl 


l**)J im * 1 t A t >1 A ,^|jJ ^£, p <n l » 4 U> > lAj > A ^j£ < La \ 

<1 j K Ju I ^ * q Ci-xJI i ^ILil (^^LcjJI *1^-* 4-ILS-o 1931 pLc, 

is* ^ jli .[+> 431*2* (j^\ pkij (Principia Mathematica SjJ^JI 

4_i_*-taLij 4 -I^jLo ^^Lcj .uaLjj ^-jLq-1 j-u ^ pLta_» (jjl ^-fl 4 _j| 4-11 fl a 11 lj_A 

6Jlli m a 11 4-J^ m 31 djl m auVL jl l^jl ul V meta-mathematical 

. pi lVJ1 <^LqJ_A4XO 

s 

^_A 1 J A » d+1 — 2 4_jJLjJLo pi 1 4 1 a q i Lo lj_A 

pIjjLo 4 \ 'A \ 11 j <Qj i 1 A pj) La. i 4 -a <^L ij 11 6 j_A ^jLa^j 

^-o 1 (j ^l ~ ~ «>i ^ ££^Lc.J_II p-i-a-a*. ^-*1-^ LIjLSLaLj ^jl fl . l 1 .4 i i ALj 

#* 

\ q r y i pi u \ it £j-j& (^LiLo (Peano ^_jLuj ol a 1 o - ^) d * **1 «..yi j ^ I . ^ 11 

1 j-A . ^ 1 (g IaJlH i-Lil JaLaJiSLl 4 i * xttH n 11 4-J^Jn 1 II ^J-C. \ l a 11 

^jlcjJI p i fl^J ^-_fl Q s 11 4 ti X ^j| .Ij-^. p 1 A^ ... (P 2 <Pl <P 0 ^J^^-ll 1 \ 1 . 1 "** > 

. JjJ^c 4 JjlA LaJ 4 ^ 1 1 dlj^J^Luj 4 JI 1 JI 4 1 ilflll JJol^JI (j^i <p (g a ^)_lC 

3^ *• i ..IN II pic ^ J) ^fl <?1 ai" i 1 . A 11 ^y& ia.fl.fl J_lLs J J-C. J-CW 

1 \ \*N .((Jfclc. ^-A JJjd jJul xa II ^tlll)) ^_A 4al <\\ ux . a <^LLo-fl .^JjLlj 

(Si — SSO — 2 (SO — 1 ^jLi IjJ <«— J ^LoJl JHJI» S ^—ULJ JIa X^ — SX 4_iLl£ 

e ^ p * 

4_j 1 ^ fl t 1 .5 jLi£. ^_fi 4 _xjIwLL»I Sjl—iiil IjljX.1 J-iJj-C. ^o-i^a. J-fl ^ .1,,^ A^ 

(6^xc j 1 ■ft'i ^ ^ jJLLo ^ ^ .s SjLuj^U 7 ^ « = » 6^)1 — uj^LI 5 jo-loa 

JJ-xJ! X _J^ (11 JJaJI X _J IjJ (10 L)-° Aaa.^ ^JjI JJ£. (X^ J^-o 

pj ^ *v l J-uaL^. ^~a ^^cjJ Godel number jjx. «VLv*>£» *13 

t+l ts y} — SX L)!-* Lil pi (j-°J (l^_> s _^+ ^JlJi <Lfll^-cJl jlj£.VI 

(^jLcaj I j_4 ,J <(x _J) 1 1 x (s J) 7 x (= J) 5 x (x 1 J) 13 2 ~ _■ s I I 
4 _ aJL^ nt 1 1 4.,^ 1 ,xu a p \ (Lo ^^_cj ^Li (pl^_^.yi Id-A 4_j1 L S .5005 




( 1 K ) 9 

oLs^Lc i cjL 5^L*-1) (jLs ID < Li j Ijjc. q i i <i~> (formalism 

Ijl Lae 4 i i Al .j II <Jf iiloJI <je <LiLa.V! I uOL a ) (JdaJI J; 11 ■ ■ ■ ^ Le j .< iLue^Jl J^a_u3 

Ijl La ^ll \~> -ml (jjjj-la (j_e d-5 f.| j JjJal (_J,J-eJ J_y-S «— >J> ( 5 J-edJI ad-A O-jl *S 

# # =5 

.75 jjk.1.1 Mc l r.. 5 ^L» t ^ H -* LoLoJ* <4_i^j^JI jjaJ ^Lolx. 5005 

i * * * 

x = sx IjJ <L^_i jjx. jJLajLj_j_uL» (^jledJI (J a1 - u i 

^ (fiL l a II ^jJLjJI jjjlJI jA 6 ^l» (6 = s5 (JlS-dJL 1^.53 ® jj-*-!L» 4 5 la ~i a II 

o' p 

adAa nil <_£jledll Jjd^je dldeLfi (£-Sj3j d3 LaS J ^ 5005 ( 6 ) (_£ s _jed-ll ^A ^«5 ddJ-U 

' " p $ ill 

10 jIjx.1 J-oIjlIJI LjliLcL ^ji ^_L 1 ^ » q ^x. j \ iti 1 > ifC 1 
(^^ed-ll (jL> ^-C.j-11 1 T'*S a ' (^liLa^ .SjLlI Lj-sIjaJ (_j^sjAaj (2xJ J P 2 W) J Pi (6) 
J)A jj «^.la dde 6» 4 I (ALtjJI ^ejjl ^_A (6 ddaJI JjjJaj Ladle. ‘P4 (j\ A 

<1 <J-a1 ^jlJI &JJ& ^ lo i (<JL=JI aXA LLalje ^ ja\a (5+11 ddaJI 

dldeVL 4 a I . * a 15 5 (j^ed.1! (6 = 1x2x3 j 6 = 1+2+3 La^ 

• «£jJjl dde 11» 4« >.n~>IL> p 5 (11) L>ij (jt L yV i C a j j (4jJjVI 

j ? ~ ' ~' «« ij ^jUI (jjLedJI u-° 4-e j n ? " t+° JjLaj-jJI 1j- 5v3j 

(jl 11 a *( « > .jj^ijJLi 4 II . a II JX-ljJs j^ojJaj 4 1-|_I Iil j-i (_j<aJLa L^_ul X, i 

<_£jle J-ll * ' a I J_jj jc. jloel 4 L, ^ M a i ^jLa^-J J i~k ,j jsc. jl \ -i< J llilfLaLi 

* & 

jl+el ■*» i-v r^^Led liilj a Lil^a IjLs .jjl-AjjJI dUj L^-ij )~' ^ j j_ylJI 

dl " 1 > 4_ili (^Id-i. 5 J I I *\ dld-C^I ad-A djl a 2 j 8 j 6 

^yUl Le^l^JI ^j) 2 6 x3 8 x5 2 = 10 497 600 Jjd^i. ddd: ^U^VI 

J-A^C (jL-S - J J m d-5 I -a*\J .^4_(Jjl dldX-L^ 5 (3 (2 dld-C^I J a~ e< n~ ((JjJol ^_A 

dljueVI j j*^ 4. (-~^-a i ^_a ad-5_»-aJI ^jLedJJ 4 I tj L II £j_i_aIj .* I ' (J- 1 ^ j-e dld-c.1 

•• j. s- * ( 16 ) — 

aj 4-\ K II li-A a. ^ a I La Sj-oj . <u£liJI 


LidJ)-?'- <LoLfij 1 ^ »" V jj-j-H <Lilll ^J! o < U_>.4ai.\“Jl 4 jjlj (15) 

• lllJj t^j-a JAcl jJjJ .^Ld-eudiJI J^A.Lo Jj£, jj^jJI < * \ U j" ^ (jl 

^jjjfcl^xii (J_»j^x. jIllcI j_Lfi <jlxc^l V oja ^ultrafinistic ol > a^Li^JI (16) 

1 A I *m /\ jfjcVi 6XA l^-di \aa“ Iaa. 6joj^ S.Ut aII 




<}l!Lo ‘4 > 'I ... II CjIp JL <\ 9 \ oil 1 \ \ < \ r> . , X m -v Jl j^lc (j\±±A ^ L^JLkjl 

Ijl Lo J iJ-aJi \ i.\ xAH mi U Ij[ Lo ^_ 1 x ^Vrv-l] 

■>■**»■" 1 « l*i /> .^yiaJi_aJI JjJjX. JJjlJ J-al j£. ^j-& Jj-iaIjjJI i*I1"i1 JjJ_jX jljxl 

.15 jdxU 3 J 5 51 15 = 5x3 

J *C Ml ^_S 4 -\ ' " ~l ^lj k ~ i>iV aj-A jlicl (jil |J a * * J .M \ I I I 

j .computability <_il <n-k II 4,i,l <1 a I ^ n i a tLoj pl^>^.1 3* * ^ li k ^ 

4.'t &J i n Jj.1.31 ijl oLul ^A-ujI j i Lij) I .ml J-oJlLauI JjLs <4.fttAjkJI 

£ 

<ui j£i L» j-A^ u*^' A' J j> tJ - u Laj .‘GLa^j ajjj 4-lj^j Jas 

<1 U> Aga ^jLajjJI LaJ 4j| JjLl .6 jjjJI (J-1| ^4_ua.jj-o^ ikj 1 1 A S^jUa 4jLi 

4 laA * Jl ^_]l j Q a Jl ■ “ . il Q gLAjl Aicl L> ^" A 4_a j_iJ ^_il at jJa nn ^aa 

. dljpljJa i..il'n~ i ii*^ 4 t ml'uill 

^ jl 0 # 0 *> s. 

^jX.jJI aj-A jk allaJj <0 JJjJI {j£. 4 \ I x it jkjJLi till (j-ajJLLjJ 

<I_)aa. ^Laj <p 0 (1 ) 1 j ' a ..I 'i ,,, 1 jjjJI (_g j- f . jJI (_ y » a j jkj-Lj LoS <Po(0) 

(_£ jl C.,.\ II 6 J-A lLS .X _J J^-LaJLj jX J Po(x) j-ojJL- 4 ^ n I Ali-fl Lo j A f , J 

<«1 J-A X _J ^-3Ui_>^lJI jJy^Jl)) «a 5 jl <^\7fc ur% 

^LLu^. \jUbj ^7l0 = 1 ^j! I W <JulaL^. Po(0) <JL^JI 6 d-A 

■g © 0 . ^ P - 

L^_J (J-iJjX. JJX ^j->J-A .7l0= 1 (jV <j "V 4^1 Po(1) 

* 

i ^jLc.jJI JlLo y\-C. I JJX. dJLlA ^jl j»Ji ^Lm^ul 1 a n > 

f. « , « ^ 

<Po(x) (J l*x jTiVLj ^jlcaJI 6J-A (— \ -4 i ^ " 1 1 1 4 \% M In II 

5< ^ ^ x 

Ja*1 6V1 i t tj mi . < ~v -t-x’s ^.Vl (jA»Jlj (P^Lk 1$. fl>?- ^-Uj ‘Pi (x) 

^ iP ^ 

^j-jJI 4_*t.‘^_a y I (3 4 XU ^-1.4 jIax.VI .rk.. 3 

' t '~ 

jjfi J jAjkJI I j_A J^H\ jlaiJI p i nfl II . i k j\iuus> I jl JX. : I (| 1 4 1) I A » ‘ ■ j ■! 

:3lliL> 




JajaJI 

0 

1 

2 

3 

0 

1 

55 

27 

4 

1 

51 

3 

7 

17 

£ 2 

S; 

0 

20 

30 

40 

■ ;. 

- 3 

13 

22 ‘ 

11 

2 


^jLi I J*S A J .<LAil JAC ^Jb JylC £i. 

. 1 1 ^_A 2 J JJ*JLa <liL kUI p 3 l_LjJyaJ| JjJjfi. J„i£. 

*-t-a-aJ (Jjj^x. jljx.1 i V jia. < J ».^ a *i a < _ s _Lc. jii. 'i'i i.i jVlj 

^ " " " " 5S 

9 * 

ill J J-XJ Li-uajILal La^j -kl U. 'i II i^il a I mn ^yJI I jL L~Li ill L^jUil j*S a i j-uJi (jj jlx.jJI 

(Jjjs Jj! Jj ~>.‘i t <V |kl I—, a aju .uu i_iLixuaJI Ijl La 

(jAij Li tic /j ii'ii ju. '*i» a . ,,J l gl j Ijl <ftj L.ui . t l j's aj Jj. la. II I j_A 

.(J^al _>laVI 

9 9 S 4 * 

. g^j-<Aj-aJI (J ^kiTi I II < I j a.i j ^2jJI 0-^-TtJI I i I » a Lalft J < jV I 

(J-S 

iLlill LL^aJI (Jj.xa. ^a jj^-jut j-lc. <Lijj-».all ajl u II ftj^J Jjjjc. jj£. jl 

.^Lajill 


P 2 (_gjc j 11$ <^gj>x.ivJI cl i~i.i ^j^il ~L II jcjJL j.l t>~~i ^jx.c ^^.4 «4-ijl-t a II a jl ij.ll)) 
La jjlio .^w* jjl . .-v .a <j;jtJ 4 .1 1 A 4.11 ft jjk Cijlfi LaJ j .2 JCaJLt 4 4 la. j a II 
.2 ££j£.jJI I ^ .1 j-tuj 4j1 (jijiajJ < t- * ... taJI 4 j 3i 1 j J_aLiJI Jj. i ~v II jjj! 

ftjjk j-4 (_^jJI <JuLUl (£ jJft a II (JjJj£. JCC. jJojjJ <ctlij£ j-a^fl jlS Ijlj 

:<jL ^ jc jJI Jjjjc jjx. (JjL2jj .30 illaJI 

.2 JJjJL 4 a I « * a II 2 (_£j£.jJ) !<*■ ^jLijj 4Lft.jj V 

(Jjj-^JI ^jJI ^jls.jJI Cjl_i i S^jiJi LajI ^_ua j "t. 4 ~i ! . ft j i ~k .a 4 -t li i LlJ-aojj lj_A J 



!^ya (jl *» » « j <jLa-S 4 1 a. ta 6d-A (jl (jl_AjjJJ <lL>L 5J1 (_£jl-C.jJJ |J-ol£JI 

j'tj'ic. <2 J JjlJLj 4 4 Ij» " a II 2 (_£^j£. dJI ^ic jl-A ja J ^.J£. a a II 

(jl fill lj jj_o Vj_i ■ 1 " ■ " a l 1 jlj ! (jl . \ 1 1 4 1 i L.a. II jj-S «i-a- j$_ V 

LiiLs /d ^ j ic. 2 JdsJLi 4 4 1 \ 'in II 2 (_£^C. J-ll ^ic, (jl_A^_i ^.dau (_£ ^c. jJl 

ip 

4 4,i.»~>-n II 2 (jl (jl-A Ji J-> ^-1 J-l ^jl tlDd l -u~»jl ^JLi 

<(jl_AjjJJ 4lilSJI ^jlcdll Jjia. ^_S SjjOp (j^^J ,jj djdj -C. <4-l]aLa. 2 JJ-S-lLi 

! 4--j.ua. u-> (£^£.dJI (jj^j <JUJ1 6dA 

jul-ta-'l (jl— > ^1 " I* mV I I j I 4 Lfl i I f. jj » *i i (j-J-ll 4-la. -5-j-Jl (^Jl LjJ_uaj dJLl 

a a 1 < <> *1 tfiJI oLJ^JI 

^iJl 4 « « Al ^ II LLAiJI < CHdO ^_lC JJ£. J I _V A . 4_oLj ja£. oLi-t^iLjjJ! 

yt os 

. CiLoJ_iii_aJl £jjb SUaJLa -s-a £jjb I frjjl"i\"' jul (j^-a_i V (j£J <1 (j "> ~v -i«~> (J ft" -a 1 

LjjjdtLoj (jl j-A ta44 (J-Ad^oJI (J*uj .4 jLa ££da.V (JjjLlu^I -j*CI A j 

JjfcdaJI Jj jlotVI jJLc. Ida. Sjjlj 4 j j o . j - ta . J I jljcVI jjV) d*JL j».Lji!l 

4 1 tl . 4 II '~'ljl » * II (jV) t g lie. 4 -ljI— oia. ol->J AC. (g\ jl j \l l'v-a.ifij -1 (j^j^-i jl 

g ■»* g 

. ^Ida. SjjLi 1 1 1 K <t» <(jl_A^jl) 

p* ^ p 

lajj d-i f VjL-S . jliLj-uaLi jJJ 4 fit 1.4-11 Jj-J-jv (jjJ^j-C. 4_a— iHj ^ n '1 V 

(j_o (jj)*S 1 J_4 I ^ l.’i n l—oLoj pLo 4 _>— iA- 4 4 <^a Cil— I ljV 4_>_ajjlj^. j. 1 f 

(jl (j*\ a 1 V gjjln iTill dial ^ I *1 n o La_i^aj (jl (yJ-^ jl 1 I^.jpi jjljt^jJI J 1 — "... p. II 
di 4j| IdJS (_j-l*-J .(J <1 <t i| jUaJ (jJl tllJj jj (j^-aj (jil jaLiiJI Idj-o (_yJI (^dj-> 
(j_^ (jl .(^ K Mill ^ UojJ I (jjj (j 5>aj V (jLA_^j 

pLaLaj iS^j^_aJI (j^J f 4 1 1*\ .ti I I (j-x-Al^aJI 6J-A (JILo a i. \ 4 j ^ '. 1 j II j 4 ajl 

i~ ? > 

1 idi jl (J-otlJlj dljdVI (jl (jj-u tiilj (jV ((^jX-^JI 4 XJL it -1 (jJx. I ^ ' 1-0 (JJaJ SjjLj JJO 

.6jj^-lA!L (jjJ-ajjl^L 




liL A . lfl LaV^I c xjL^ .1+ s ot— o^l ,-<( > .-^l ^ 11 o^-a 

jj-^j ^ j Jli ^ incommensurability (■_> 

£ 

J3J^ ^ nl* 11 <Laj}M . ^yXJj^L CiA.flJI 4 4-till j UjU-il^ulj 4 qUi.q II j_ *£, 

<, A..it 44.JI (€-® calculus J-usaLinJl « .1 >..-v 

** '•^ ** * 

j-i-c- I j-ot infinitesimals j > ^ .11 c <1 i_aLui o^LII £_a J-aLa-t-ll 

* - i i i 

bjf i *>. a j (J_u<lj 4 j A <1 1U |_Jj_o tol <<~i aLitl! <±itJLa <ULlj| Cul *Sj ^ 

^ * - “ > I 6 >' *\ J OJj ‘CjHJ * I I (jj-®-^ (_J-S 

Ca-t- 5 -> CjL-usLjjJI (jt <.iti A J II J t*> i LaJ <jLj f^jjLa-a-ll Jj-o ‘i » a jj .oLx-usLjjJI 

V.* - " 1 . 1 Li\>^ liUj oij • <ijA J JI £jj-S (>o U. ji 14-i^ojJ Cjj a" Hi lj 

iLoLoJ ,\.IA i_iJ)L.hLi Lfr-Lag. l^-jl jJ-i-i (_yjfl 4 -*jI_>JI CjL-^L. ^J l !^ya J.ll't jjJ 

CjJ-^j jJ (^LajJI -L.I ajl Ijjk (Jj-o .AaJ <L 5 l a^> 11 (j-oj 

^ -s ^ * 

4 ju»lo-a (J_j_LoLjlJI (jJ) Jail xii-Aj .lj >J ut> ^LL^. ^-jLjLj 4 *1 j \ t J J^Jat-Jua 

<Aj-oaJI CjI >illL* ^J-a2aI 03^3 ^3^ 03^ 3^^ 

£ e- * * ' * * p 

6 j-A (j| lx*! J -oTl ^ A H ^jl ^Jj) ^y,J-iUi\ 

J U aaJI . oUa^L ^JJ j. i $ xk ~yJI jA g it-SL Xjja-I J ->w I II 

.(^jLJI ^JLaJI * a ,v ^j} ^ 4 1 ^ ^ *i u 1 a It A \ a! juII A 1 1 It 1 SuLxi-o CjL^oLj^JI 

SjU^LJIj jv l-a II jih» /i t x m »_> AJ iCjt—i— 4 -aLjjJI O-i A J I jLs 

. o V 1^5 <£.1 t 1*^11^ 


tP p ^ j 

j ft iC. ^.t-^ iALj^JI ^1 c-u-uJI t^j£. JI>JI ^ j-Lxj t-^-Aj 

S * * -4 

^jLIaJI ^ ^-i.Lj LlA^j 4 ^ t i U It 1 A <JLal^ <-o^^Lo <Laj^Lo it <ii iV I 4 11 

<J (jjjoJ ^j-uz J i^"> J^) .o ^_A i 4 jl!Lcl-o j 1 <7> <L^J^ J ^JLiTiJ 

^ sf ^ 

dLaai O-o) - » < .oLiyi ^j. uK j ( _ f 4i ^ <<^1^ 

^ ^ ^ c 

,^lc. <U Xa. (jJI iaJ>L£ i_>-4j_<ia ^jl (^LijjJI 

jjLi cu5> Ijl La 1 (* (i ~ 1 ~'L>^-i (jtjjjJI frl .u-i a[ <LLaj . j\ ^ 4 -1 1 iMa 

ip ip o 

^-i_i <L*a r. 4 .U >1^ 4_c_l (jt-^ Ijl Lo * q1 3i K ~ , ,.lj^ fJoJiL^ ^x, iaJS pi q! lr. 

.^^JfJI LlKaJIj .Brouwerian 4 L.,.,b. ? ia . 51^11 




(j-A CjLx-loL _>JI jjl ^j-A < > jt .j t i.JI .^1 " t * 'ii I ‘i a Ij-j <Ll5Luj_oJI 

ui^rt Lgj| jjjj oLi-MoLi^ll (jl j_j-A <-ijliLll <t < » < tJ I J l ^LkUl 

j *_o I. > < -v ^-LLljJI t ^jLdl ^ II * II uLuaj £— 0 LjljIj I A i*\~t 

j U~ <G| (_jol_)HsVl 1 a ia t^LadJI ^Jl CulS. 5 Ljj-njC.1 Ijl 

S* 

4 I'N.lVl^.iiil <A3U ll«i II jtjX.SU <LU^1I plx J),.^ A 11 J n ^-lx 4 1 * ^ 1 

4 -i^., v\ a J^-Lu ^-lx jLxjI jI jx VI jUj ^ ijft*> ^lxj cj\ ^ K i < <ci 

ijj-ilsyl 4 _ii.. \ \ ^ II e-fljJLJ LajV < JoAfl LxJL-aO^o <Lukj| < ‘LjkXxS^p <-0-^. 1 a\T> u il^ 

_^4 ^ A. .All ^.1 xu^Vl jI <lj-^ 6 j \ OUI i4i ^ I I 4j^^J LojAx j-Tk-j/N. ^>fX 

j-lX jIjxVI j ^ilJI CiSI^ LajI Jajl^ jSkjJ J-S 

** ** ** s# ^ ~ 

5 j) Q * 4 U. a ... 1 1 ^ \ A l a -a II &JJ& ^V < 4->J \ 1 ftV I ^-^X pi <nj i 11 < 4 q L. \ ^ 11 

j'*“ 1 4 j!^J <4_lL^JI 4.XU.11 £_0 ill i Q*<~11 ^J-0 U> JJX 4_Uui-OJlJI 1 1 1 A^Oi 1 

.L^jLx-i-oLk J^Qil j j ^ J Jj 1 mIc. 

6j^J <1 la ■ ... >11 ,-.l -s. II « « II Jj| 1 .A .1 ^ol^LflVI I ‘» *X << i a .1 \~ j '.../' Lls-ilj lj|j 

11 &j_a ^ .^LojJI ^Llu_s V Ja_»l^iiJI U j i > > 6 j ^ jjfcLLoJI 

i? 

jJl-ftA Llj|j <^LojJI JjLIj ^j-o <xlxo M \ ml m VI < \\xi aA II < l ft 1*» i A 11 CjI^JI j l a JI 
j| :^L>jJJ 5 J_i_2v ^Jl iSlkJI ^_A £> J-A ^j| V Ul .6 ^Xj <L._»I ^Lo j} islia 
fUjJJ 4 > ^ , a ^_o ^jlx oLUl ni\ j c yLaJI ^^ol^lflVlj jJLi ^Lo"lftl LJU.. j_^,^_» 
JX>-^ ~y?-jj) (ly^- C*L5^Lt (_f-S O-a l 

■v? ^ 

<Li-o^q^ S^-AUi ^X^JI ^jl_» II &j_A jl-^ (j-^ J-*-> ^jJIR. P6nros6 

g ^ J ^J> g 

^jp-lx l^^j^ J ht ni ^ \ I <jJJj Q Ijl L^liLuj I J-A .Ljj-A < IA 4 A ^_o ^)-iX 

co-procGSSor a II ^ 11 % ^ II ^ 1 r, <j^LojJI <_j—o^jl^_jk-JI cjLxL-oujlJI 

.^LiJJ << ula-^i L^JJJ < 14 -k=>Ljj ISj£\j <J-^ .» 1 a " 

4-1 A-a .Aij-I a > La jLLjI 1 i a \ t < Li-oj^jl ^A-JI oLLuu--JI F-l^^l 4 >i >Q 1 1^ 1 i>-s" ‘“U J 

Sjj-LL! N. Chomski HI ftj) <Tl t > < «L l\ ))) LLfl ^-o 

2> ^ 

LlLljL^ ULiiJ 1 fl Q > * 4 > 5 K i ifl 11 Li-ijJ-S ^_fl j»^t 11^ 1 4 a 1 II ,,.”*0 ^ Ir 4 a j L a I I 

^ Co. s'*' 

\ 11 j) 3» < A 1 4 a m ^LajJJ Ja_il^jJl 6 J v \ iti 4__L-a^^l ^ -v 4 >*C^ ^ 1 KSfitisn 




^j-A <JJj j_iXj ‘ CjLLAj i a I) ^l~*»~ ■ "I j <4 i .Al >j 


.USJ^C £IJJ1 ( _J-LC LJ-ljJ-S (Jlj 

. 4 'I'l l J 1 1 1 ~ I d -y i" 


j»JL»JI i-i> jlull jVi 1 a lLt. j>i* i< ^jLJ. jjt j 

✓ *• 

*1 

iCjLfcjxi-^k^lLi is^Lc. Lliijj in jJJ . cA.^L jJI jl_Ls (JjLjlo ^jUI 

jLi <£\jjJI ajjk (j.i.i a,*i. i^j . 4 i iJt n qLc. ja.r<. a pljj -aa L^_jt t jlj£.iU Jf-ij-o 

J. Von ( 2 )Loj_j_i jjJ ((jL Aj-j'j (jj-a. £j_a_ll _ (Jj y . a I I 

< j*_i, y-Jl i_jj i i»l 11 i ii £_« tj \~\.* i ^JJI ^Neumann (1957-1903) 

itj.il, 4 L i ... I 4 j_Ut .0 CjIxj a a I j ,'iLi 4 i » < i U II j|j^1 i_a_i j-Xj a a, II ^ya 

„ « ^ 

V ic j) a II <{} <L>JUJI ic^oy^oJI 0 <-£__>£’ JlAS <L\ j 

5JUJI ^Jl <Lc ^- q^-qJI <gLj 1 li^Xa £jl3 lie 

4..I It i II <LC.j_a_a_aJI j-o ^ I C. j_~liv-~i ^Jijl <Lc.j> a -s a II 4_jLj 2 j <1 = {{}} 
3 ={{}, ({}}, < 2 = {{}, {{}}, {{}}}} (_g\ <LJLaJI <-C j a a a I I ^^jjl 4-Cj-a -^ -a I I j 

<LoLaj ^.jj«JI ^jjcl jIj£.^Lj ■> II » II jLajjj ^jj-s iLo JLs Ij^-4j . Ij fl a j <{{}, {{}}}} 


.ex n i hi lo jajxJI jj-o L>l n[-> I'l-t-iaj 


JLtaJI ^yJI j4.~i.sl i-i'i^ LJ <j| <L^k -I II Ci-aJs <jxJ JjL^-s if-^3 
^j-c jJlxJI t j iti ‘i u Li i j I Ii a H ^ JjJI ^ya I i m I I jl a. i Ij^Ua I . 1 1 j! i fl i^ 

^ya 4 ■ » » I U II jlit^U jLaJjj oj-® jLiAjvIjkiI (Jjjs L o L a lj (j' '-'7> 1 j* 


jji y ‘i r . i i c^-.,7j V ~ H a. II jl_! <djl_Lll 4 4-1 4 -ill j .<LvJLaJI <Lc.jj 


JxJI 

-JI 


4.1jjUI aJ^_i Jjia. jJI jjJ) OjI jjjJI CiLjj *i 1*1 II jl j^Jx. <JV J Lj-S-ua^J Lftj un 8~ 

^JLjJI jli J ; s ’■ j»J |j[ <u V <Liki_<i self-consistent 11^13 


• cjLmaJI jJc. <LlLi (JuAj <J ^jjl ijJLxll 4 I J-1~1 a <j3j <Laj IjJ ■ jl a. 1 1 ... 

, jJI Lj a A » i Cit \, uii.aJI, II _Va 4 J.SJ~.- 1 J JjljaJI ajj& ^ 1 jlil j* jJL j -1 ' 

4 1 ol ~t?i ^^yJI <lLijJJI i_^_ jl_fl <(^jLJI j\ H ji Jl cjI 1 <aLijJI Lojitj •(_^ » j 

al l LajAC jajj <iJiLc.j n-% .A. H l-^i^ *j^°j1l <iti1 (17) 

i^UI ,> {{{0} ,0} ,{0) ,0} <{{0} ,{0) ,0 : ( _ s _« <>jihll jljaVU 111 .0 JS-UL. 

S ” * 

. I Ja. i^> j- 




Lfj jail \ <ajLLaxJI 4 i II ^±JI oU-uaL ^JJ J <LjjLojV ^jl .l$_j 

!iLs I jj .d\K . ,i\ ^Lll oL j) 1 II ^ ^l^_oj)JI j. t m ^_a^ t< iii i\ £jLJI jJL*JI 
4-iJ ^LojJI LajJ^ ^liJI <ol * i^Jl (jt <u\ *Tj Wigner ^lajj Lo$ 

,£jloJI jaJLxJI <_JL_o 

(^yJ^XJUJ JjJ-jC, tdll j-*£ JII \ I ^-0^1 ^)1 i-fl-i-3 (Jf - . pl^J-A dJj Lojj 

jJL*JI 4 ^yi'-w * Lo Jia ip! i <aLjJ1 ^_a ^JLxl! 4 _»j_a^aJI 4 u ill ^jl cJc-1 * A i aVl jj^.1 
c.t ->Ai 1 1 i <_jjLqJI Lo! t£.%\ i .iAL^JI p^—Ju Vj <oL-uaL ^J1 ^_a 

<4_L^_Lc 4_j_j ^L^Lfll 6J-A ,4 _lA^JI ^j-o Li t A ju 4, ill £69^-) c»l 1 4^LijJJ lj_^Jo_o 
4_j| LiJ i > Lo .d6Gp structural is «4< uf. 4-i^-i j» j_aJ (jLLo L^jLa .q— ml 

^)-oVl .<— jl J-LtaJl ^Jx ^^_40J (_) > I J 1 — pLJI <jljJ| <pI^}JI — j-'jinx/' 

I \ \*\ AJk V .4-K ^_1x <^jLl-oJI ( j-o u lx aj J^j^x 4_lAj-i-o ^jLfl <cUj$ 

J^J-S SL^-S Lr fllj wiis ictlilS 6b I Q Lulj ^JLaJI (jl 4-ijJLo 41JI 

jl -tii \ s\ *S 4JLi-1j j^X ^.1 ~\ .in *iVI ^.J-X j -u>l \ i Lo-j ij j! i Q~\ jai.^lII ^yja Lo <Ja_aJ 

., ViA^v II 1 1 \ 4^>ll ^-lolAj 1 a | fc t.o 4i. uJ I ^^JlL j JjUJI dlij Ij-A^ ^^j^-LLdl 

4 O II cLiJLaJI 4x. A y A II ^Jl i I J-J JjL-i ^ Jj)A \ JJJ J ^_^£-0 Lo ^ 

- J^ILaI I ^JjlII -v ^ O-a ^ Vl t4 1 A«Xo 4-J1 a 4 i ^ « ^jJI 

I a * ^.jl \\ £j[ i_i^k i ^iJI 1 \*i \ ILa-fl ^_a LJLlaJI til ,1*1 ^jLs < c .*-& jJI fjtt &j j^-sj 

t^.j) I at 1 1 4 -li. A^) cA iii * »ti~ ^_A <4-x-C^j ni a ^1 4_j^^>JI 6 J ^ I (jL^ LI Lo 

t Z. » a 

6iA ^ iti i ^>^-4 4ia-t.Lil^-j 1 a < nl^-^. 4 ^k. ^ i ^ ti \ > >)l^-^. ^jX. 4 <a JaH^j ^ jJI 

p^-ii (_^l ^aSLslLII Vj .<Aunjj jj LI lx 4-ijij Jj I mi j-A tjxiaJI 

.j-j-uaVI 6AA ^jjq ^ 4^j^- 








> ^ 

Aid 


3J1 £-jl_)JI jX.iajill (2)1 S’^.cJI (J i4~l_m.a (^Jl «U j luti il <JLJ_to| jJjJli. <La. (jj| 

- _ _ , o£ 

V t(2>-Jj j T~ i.» Jl (2)_>4J1 J^Lk •% i <«Loj_jyaj-aJI 4-1 > .1.5-11 (2)jij-sJI (J^Lk. 

9,2)3! (2)jl (jJI .^.jiiJI I3 j& <£.j_uu (^s jj)-a.^t (^ic. ciLo^Lc |J-a-a-j 

(SjLiaJI *J^_j ^jx.1 bl -Lo Ca. (^Jl 4"i ‘i a j_lC (3x3^-* 4jl_^$ A 1 » 11 

< 4 iM (j *i <Li_>J&j (2)C '£' ~k >11 (2)L £-3jjJJ IjjLrv-a Li i-uj (JjLfiiall Jjl .\j3~w_i L^JijIL^J (^aJI 

, s ' ' * , s ” j, 

< j *-. -vl j j >“ j (J-ilaj) ii iii .theory of every thinQ «P(^_Ci b^ts-in ^ Auii 

o! 31 <uSf1 c> Lit -v I j^-oVI (2)1 jj_i .jjj-i. L$J (_yi-J <cUj iLitj ^JaJI Cjt.,tj it i i (2^J 

- iolc pLaJjJl CjI jj.s^'^S'n <jl >. t~v t in JjLfijJI _ ^_kljLfi!LaJl 

pLJc j ^_ux£ £— luLaJ) pl.aJc ^ niL mV I U - >Ja j ^_Lc 

. jL^JI 



hA » a 9 " ^JLc. i — uj_i ^ j_ll < j -i m p ^ ujl rJl ^JLufl 

^Jl ^-u=> j jJLucJI 4 Ju1LjJI oljjVl IpOj fl ^ 1 1 ^JAa. CjIjJ^I 
pV^$— » 1 i o ^ .gadg©t slji a i 4 ^ ^ > ..»-<> i til ^ij <<JjLa jLol ■%. <,A,t ^ «■»” i 

ill pLotuLi ^ 1 ^JaIa Cu 1£ 3-lUJI ^Jl 6J^£. ^ P-LoJ_acJ1 

s ' ^ * j ^ 0 s 

(jic. (2 )->jjL 5 ljjLS[ ji (j ’i'i .53*^1 lilij Lo sIjLa^o ^ ~l-L.-».^Lc. ^.j ln\ m~ V 

^i»JI ,_)_o LoLo-i * * ^_j S _^aJI o j_a ^)f ^j_]l S^)1 — iLit) 1 ^ ^ ^ ^ .dil^j'VI 4 r ' * ■>*» 

< L .^i j i,iiii~!l 2)1 (jVI (2)jliij ^LoJaJI (2>SJ o5j Lo^ <i*uj-^ll 

* ' *• 

iP i# ^ ^ 

ol*i ol Jjl ^-o <il> l ^ — uxA i Sljl aJI i-^l 1 1 <L^,iLijj Sljt 

^ "i & ^ jj ^ S ^ 

< - e '-j * Sbl jj t oL-baLi. .*1 1~ ^ ■ (5^ 0 11 i^jLt-oLa i *1 Q a 

1. 8 1.1 "t I ^J-Aj .(^ *1 » o 11 I,) g..i sbl ^Jk 4 ‘i.rt. .tij < llS <J (^3JI t(2)jj~i. < \ JVL3 

.<Lli.uL i.iVI S_y^oJI Cjl-a-m.11 6 JlJ| < I a~l 4 ,Aj~ia^ < I. j j ,1 


p-Lolc. i j . j .uafc < _ y Jt I jji ol jjVI {jja 1 \1 Ti'il jjj j 

iM g 

I ] <_ij_A j-aJI «* i '« ' II (Jx. j m " II V <jLi l t H iiiJ.,11 j 

if ^ * 4 

<ij.4rfc-o L^-U-^ 0^*^ ^i-ll jtjLgJL cjLxj-^LjJI -L_>jJ <JjL^-o <jij <c*U ^LjJL 
4_»^iaJ *• ill ^JLaJI J7 j j) ft \ II ^_A ^ <4. lA-UI ji ml JjVI Ajj.^-1-11 - j U1 ^ a II i 

4.x l.i 1 1 lij if\ Lfl-uaj Cx3^ CJ 1 <4-Aj.lfk.ill 6J_A <JlLft <-^ J (j[ <4j*l $ > 

^ S ^ 

jjl (jjJ 4^ Lai jja I a <^j <^JL*JJ 4 i ml mV! 

LjjjJ ft n i jJ5 L_AjLi-o ^_jJI — 6j*\ Q 11 6J-A (jl J- ft~t A II (j-° 

j t ,4 i i 4 \ jjj_ALft j.i,m ,1 JLfl . I flj-lra-lll 4_iJL» — 4-xC.j) i i,n \ ^j| LX$^ <j-A ->■«-< 

(J L-a_xJL-i-uL_i * c.1 j t Q II ^k. J £. 4 -LoJLjL < n ft Jl oL^L^JI <Cjl— i- 

iS ^ j 

|vJaj j jJal ft IL > flj) k ^ xt j>-A j i Jit 4 i j| La jJ ^-A ^ <4_fljJt— a i~»L^>. Lla-i^-o 

^ £ s* id 

Spin j,aJa jj <^-> * I ■ \ ^ A j .jLa. <J_£ ^ I C. lj i iit i~\ (JJa-i 4-liJ < i jLoiJI 

4jLii^JI j-A (( ^>J,.lx)l)) (jl fljJLj It 4^ I < jjXj <-jL» LlIAJ 

6 jj) It LoLqJI 1 j tl X \~\ ml (J*\ A > V 6 j ^ e\ II <_jLo-lu i^X-tj-SkJLlI £_J IL l 

* J-li-LO-JJ SLcJ_o Sjj ^ -ft II S jj) II 6 XA Cjl o iti ^jLi (dJj ^ 4 ^ > . .rM*^ II 

cjLslxLj-uI IavCa.i <gl» ^_aUoaj <^^.1 Vti-o strinQ thBory ^Ij ^ 
^v j) ^ A 1 j-A ^1 ufcL tlLlj ^ < jLjljI 6 J aj ^.i^JJ ^ LJI ^-U^j La 

J.r^ *^2 «LijL^_ 1JI 5_i^laaJI ^j! £—q ^ . jljutl > l t <a t'fl^ 1^11 j) 

ui ^ ^ A 5^"^^ iijX^ jj-ua l5 -Lc J 1 i 

< JjlSILixuJI ^j- 3 U-XA^JI ^>-<3 V Jdc <G| J 

(J-A-fiJji-aJI P-V^-^ (J^ ^5 f^UJI A ^ ^>jJ-3lJ 1 -U.. 1.-111 A-J AdQ-^JLo 

4-LLs j \M ^ 1 II 4 v 1 ajQlLlllaJI CaIjjI^ til J\Xy 1 6 J_s ^ jj .k 

i. -i ^ 0 

<UjLflll <-A^JaaJI ^)J S « j-ijl \ II ill » ^f 1U td**k a \ 4 ini (^»UI CJ^ 

•»4 £• ^ 4 ^ ^ 

<(Jl »ft Al t -la l nU J 4 t jJOiil ^-irv J-^A ^1 L* (Zi \ t^k j 5JjL*-o 

0 J, 4 ^ _f ^ if *1 f ^ * 

^ t» AJ ,\ <ii^fc s ^k-\ aILcJ 6jLlo 4jZ.^ay a ^_A 4_ul ^-lll ijjlajJI .L^jlj ^j-ulq-JuJI ^_fl 

uUaj Vl iS \ I I i l U 1 ^,-a j5i o ^ V LlA ^ _ ^jIaaII 

jdLsdJ 4 j i i >1— m V I 4-L-t-Jl ■*>! -^- » J a. u Lfl-fi yja _ 4 A J j^LlJI 4_q q I ^ s 



<_ljl « I I » < -u j-> ((j^LL (jJ jjJ-j LaJ Sj^-s d - Uk -cV j .^jLJI 

J. ^>-l-» j £xy*- j l —i ~i a Li J^jLi (j«i A. in !_$_» j^L5 <<x. jLJI (jiJ <4 1 ml i I) 

4 Q 1 In a ]l A iQ , a-v II jjtiyx. jlSu 131 La_kS ' > y a i Q » ->*■> * ^-v t Jas jf3i ^3JI AA/heeier 

63j> (> :predicate logic £_>a 3JI JkiJI statements ^jUj (j^ 4fcjxiT-a j-4 

£_o i~i n,lk n~il ^JaiaJJ 4_i3lj) itiC. (_£ jl-C-l (jl J-i.j-1 (jl jvJI » l.l (jlS< J-* I^jLfcjJI 

<lij Big Bang II jL-^itVI Ja j S self-consistency ^1111 ^ U. ...-. vi 

(j^ I jti'i > (j| J^IX II jjl^ <J_4 <^^k.| SjIj » i j 'iLjjlj La/a^-mv-a 1 i^k'i-a jdLsJI u«-i il 

S 4_toil) (J^La-atl (jjl3-ll 4^l^>j| 


‘ * '''J 'I dJj (j-a (j3j! ‘ * '-~ J " <j-a (_g j) " hi o H 13-4 (jLa J k ILj 

(jl^ I3lj .illSjJlj 4_t^j) II 4 'j|lA'JI ijlj 4 -IVjj 4-lII LJL*. ^ * m j 3JI 

jyjJI a1.ll ((JjS^I < J j < 4_jl_> (j 14 tl J (jji. * (jl I l'l^nl< AjJ-iiij-o ^jJk ^j-uaLdl 

«j ■ 3l j *» II 4 U. *1 II j|_a3l (jjjj <(jSfl Jj-2v_^a La (j-»-» ^3LajJJ (j-ial.4^ (j (.Q i nC 

** ^ 

131 t(J it'i.iajill ^4 oUa^flA a 1)^ 0^1 -> mil (_yit (j ' n tdl (jLj) ^-^kJLl <(j*S ft a II 

Jl 

i3-& 4^ij_uj 1 Jj j’x ^ I A I I , , ‘Acj lU/'U 1 ipljj Sjjill Cul^ 


(jlj <^3LolJI oV 1 a.ul 4 Vu j-ip. 4 h,il ,n ^Jl J_^oojJI j(] '^ . i (jl (oLaKJI 

3-®^' J>® >4-^' u-* 3f>^ t s ff ® - ^ ^ ^ ^ kJ I j-kj 

(jj3JI j ‘ * o » * k i (jj) a jl om o j»-4 (jj3JI 1 4 4-, ii jLaJI 13-4 j ••• > jJs ..^JlSJI til 

lkl_i-=vl jJj i in 13-4 (jil (S^>J «~m (j k ^3JI ^ I J I I (j^ cjjj •‘ "J "i 


. J^liiJI (_j-k (jjJ I (jl i_ i a-» (jf3JI pLalxJI 


<4 r.:.l jUI 4-i j-U‘J lj JiUnll j (j-o jr3LojJI CjVI t* >VI j^,I 1 -iiu i m 
<9 (J-ao-lJI Ii ^3 Lo^j .L4jk.L» (jl J a~ t i 4 » ,i i<t.II ^j-Lc djLa jLc. 4_aJi^ 

^j-4 (jK-jil PJj^^JI 4, xfl ii~> II Cjl a-uJI (jl l-4jl-ka jjj-JI Sjk.1 tijULi dll *1 ^ i 

■ 'A.’C lixljljSjl 4_ijkj-U 4.4.1 nf. O^LijG <l^k il <4_c3 .il J-=». ‘i I (j-U CjLs jLc. J J-^-J 

JJJL~i.n <Lij-A yy. <(jjUU jVj (j^ij — 4 I Aj, o II 4 t . i j-il -a II Jjlj-^-V I ^ ^ (jl ^yJI 

<£-3La3JI ,**<VI »" *«VI ^3-4 (_|3-a LqLg j-*_i ak'i ^vJ .multi-sheeted cik, a <^JI 

‘ 4_La Id <_i_>l 4_i_>3k>. J-*_i diLo3 V 1331 dJ3 <4 i‘i 8~ Cjl— ual j3i- V 4 n i kl CiiljLo .Ji j 




i lC. jJI (j'-a'* II £-Sj_s j ^ <t A ta^> II l >.ft(j & jjJLLlu L^jl (J _S >.l hi £y> La <j| Jlu 

LclTLcj <1 iA 4 <LoL»JI 4 M m \ 11 i*l i 1 *1 A d Q <Lu£»UJI 4 i l.juitll Cjj-^ I A 1 > A 

e^j-oJI IjU «• d Q t a II . tiUj CjJI^jLoj l.,fl iiiIj <UU^JI 4->^) 1"> > II Q 1 % Q 

^yS (_£ jjl (jLiujaJI ijju J cA® ‘L>f J 1 “ ■ * -!' <j_>i-L) £ j 1 n a I I CjI a .. JLi 

(_£j_i <, ~L*C .1 <^tiL!j <iS 1 “ * " Cf^ aJL=t,yl ^UajJI 

■> f i < 

g. > '.■"» I 1 ' a 0 a ^yS iSJ-^- 1 ' J- 1 J-i-a <J J tjLa j»J <1 8 I af. Lil nij ^ ^jl I iAjI 

^ '"' >* -J, „ 

L5 _U jjxui J| i_flVl Jjl ■ m * ^ H lj_A Ja_£ <1 4 < ii 1 4 11 jAJJ ^-1 - 4 .-Q t Q "v H 

S b j.y^LXuu j £j-o ^ Ji^fl C>I>a fJ^JI «j£J fL$-U_Juj 

•Lfl < 1 ■ " ■ ' "I~ia ^ dJj asj <oJJ>a Lajjj < JJVI y 

(jSJ 1-LU <ul _ ^-jLajJI JliliVl (j[j lj-4 

<j| <1 . ijl ^ llj 4 ■ \ l jK 11 a »j U. *■ II ' > aljj £ j)li^>. L.J^-la ai _ dLl j ii^Ji_a a i V 
't^yjLU t 2u < ^ I jjl d U» l (_^jjl La dlljjl dJjjA ■ <'J) (iijljjj^JI <LLlLaJI LiJ j>' 1 au 

«- «* -ss ^ p * b s » 

( A m L-io^j 4*1 1 a \ (j! 4 \\% > <5^5 o 1 <1 a\ 

j, ^ -t 9 

4 Q 1 1 -^Ca t ■ Q ^ < 4 t If ^ jJI ill L5 _k jaJL*JI IjLaJ ^ ^Lll 

a a II (J^ Q 1 Ji" J ^ •■•J ^ U LT^ f’LJ” ^ ^ C> ^ n ii > ^j| j-iJLaJI 

i<Li!»L^-jJI ij^JaAJI LaJj^JULuj ^1 <L 3 L_u^JI t.5^^1 *■*" -^ j ^^La ■ I () tl» t~-inl 

5# ^ ^ i "' X /■ 

^_a I SjJJuLo CjV I a *i ^ V «Lfl_i_ 3 L_ua CjI *A a^ j 

LfrJI c.i J! 3ULi^. oLIj-aj^j ^ ^Wheeler ^ L^_j o l \ * a ^ % 

f[+li I LLlaL) 1 oJaT <G1 ^-A <L1a ^jJlSj^J- 0 (J.3^4 Jjl Ll A t Lo . 1 0 J-t-O^JI 4_>l^_j 

.4jfi_»l_ujjl Ll^l J III 4— LUjfe jJI— > cjL^\ mi . ^ t ^ I 


jja-A^iLo <GL» Laic ^La^..l^ > ^JjlU LSa. (jLlA-i-aC L. q o /jLlH— ui^ <Loj 

oLjj j . ij ^-3 ^_a ^ *^> "»>■ \ y JJ-C J f 1 ^ *A„ 1-A. A I < La-jLjJI <Luaj_aJI JiiLtti-aJI 

^ A th» II <Jt JUjC\ II , Lfl. A-juQ-A 1 U-ul^-A ^ya Jjl—LO-oJI 

(jl Jjlj L^ Ji^UI L)K a II u-^1 4-H jn a JaL l iii .^X.^JI 4 » sn3n 4 _iaLLII ^ 




•t-L-oUJ! j pi a. i i I ~il . j U I I Mila jj>_>t ^_s_o , _jj Ljjuij jlS Cx3^~ '* 

* t- * m 

jja J-ilfi JJA- JAj I 4 JL*. (jlioVLi ^ ■ ’ -n ' jjl 1 V'i5\ a i j <4_xo^a£JI 

jy.^- Jl (j*\ a.a_ll j_aj iLaLaj 4 a I", n a jjjfLj JjLs ^X. jJl 4jl nu Lai ■ 4 a Jn X 11 jl^S^I 

i 'i 

.IfrJ 4-uoLa. 4 A Jo.r. Sjifi (j Jj (Jn .1 ill l^L 

1-4 i/n x ~k 1" j ^ a i V J ii«~i 4_a.jJ L 4 J taj-ALla (jl ^j_S <■ * I — -.7 1 1 

Jx=k.jJl jl 4 n. II jjjM J-A (^ill ^Ledli . £-lia_aaxaJI I.I 4 J j; J ti5j H ^ \x a lla «(jjjL3->» 

j j- ^ J 

■Ll-ajl (j-a j iV* (jx J 1 fta. jji 1 <^_C.jJJ ‘n a Lc. jjL5 4j| 4_lc i_ij_>j_aJI 

4* ^ 0 ■*? > J ^ x- 

I jJ <LK <_ia_uc» 1 J -0 C.I il 1 ^ I ^ 4 \ t a A c_AjUaj l^.Lfl J^Lsll -0 tiLfc-O-J J < JdLxu.1.11 

t L*.\ I<~t j! 1 \ Jjl £_Js^ILll 1 V 

.<Gl^La_a (ji Li n - n J jj^i Ladle V| fk-p Jxojli (jJ till (jlil 111 

^.j I » ,11 LjJLa. 1 4 *s I <<i*> ^JlII 4 i a ft! ^5s-*-k V a 4 II aJ-A jLi ILjj 

^_1xj ■ j"C' 11 ^lc. 1 4 ** a 1 -** (3°j <^LoJI 4_ LuljjJ neurosciences 4 » i 1 ^» II 

- a-) j-jJl c.1 1 .V.yi j » . --. a~ 11 ■ , S jJ-j jjl 4 n-Ln. 1 till dLljj ilxa. jJ jj jjjdl ^ 1 f . j 

w J | < _ ’ \ 1 ~v l*t a l*» tic, jj i»~> <j] jjj .simulations I *>~l >*sl ^ ^yi I 4 aj 

l yi\ 4 ^>1 -k i Ci ujLti a_>jUaJLs <i .8 tiV\ 1 J?-aJ (SJ3J H (j-° j[ 

aj-A Lf -iAj Vj .l_iI^>I' fj\ J' ‘ar^j-i 

jJI CiLJT 'J" « '"I ~ ' a .1 1 v_) jjl l-u~i ll a 4 I I 

V ^microtubules 4 - 1 j » It <— i tiLlV' <^(JLo << 

Lai.; 1 la-axJI (jj> jLa_jl ^jliaVLi oj^ - * J- ^" S 4 ' 4j»JI (j-^J .4- a. o J (j*S a ' 

4 ii » li 1 ‘ ^ J I J 1 J k a II in ^_5lL_x V Jl 4 ~ pLxj 4 In ml j-i ( 4 t ua o i " \ a I 

<L 5 jj 4 i i i«o t II ci^Li^ajU <Li.i» Aj.aJI 4 jjdJI j»_a<a-»j < 4 .i^ i neurophysioloQy 

* 

£yC. 2 1~ a *1 II £j_a jl n ~.V LaJ_S J 1-1 II II ^2i /4 >M I A X II 4_JL» illj j I l<~i^!Lll 

^ v~» <^nll I 4 -XJ jj£. a J. » 1 -aJI _ (kUaj^JI) 4jxj|^jill jIjVI g-a j J> jl 4 ^ tlju ^A^ia 
4-ojiLa (jj^J jjl Sa V t- 4 -il (jj, \ 4 ~i X. 1 jj-ijJI lilaJjl I 4 -a^Ljl iaLaJil L 4 J ^j-aJI - 

“tm -tf ^ 

Jo-a'i II (jx> ^*C 1 nail j*\ a. I (_^jj| La 1 fll itiVsl ^A 4 l» i^a 4 a 4 a jjxj jj. \~uf. j . ^X. jiJ 

j*sa 1 V ^jJI Liaj <4 U a > jjl 4jliap jjl (jk-> jl <4.1, « , aj (jl 2 type 2 emulator 




Ijlj -<1*4 > (jl <GlSLoL 4-il jl <<i*-SL) 1 In a '» II (j-o ^ < Cl -> a 1 1 

oljLajVI i_ SjAJij (jJ Ijjl j»^j_fi Ix*_uj^aS <jj£S V 1 Ina'JI (j-o l‘> ml*) ljj| <(jlnl La$ 

3# 

- i q! qA. 1 ilfct % 4-0,\^\ j < ^c. j <G| ^ If- 1 til 

* ~ 

LfijUnl «(_fC. _jJJ 4-ijIkj» ^.J-C. (JLa.~i.~J (2)-a j»-C.jJI ^-Lc. <jl Jj-fij I ~J j 

0 "** ^ ^ ^ f * •• 

^jl^oVLi (jl JLaI^.1 — j-oft^La j-i£. 1 lA^lA <4 II 

p (j Q ^)La-jI ^^-jLjl-aJI ^^y- 0 ^ a a A-t -»ii II tiiJj pLaj 4 1 1 C. .dlLr^-t jLa-i[ 

a t t Ln J1 ^_c^JI ^j_lj 4 1 i A*t\dft ^j_xc i fll i<il t^,i. t jm ( £ t ]n 4 x t t,K 

o' t>> L*L^ J 4iJI L>jjjJLa_> (j^Jj <tL^j >aj 

Llil jl a t tK 11 ^-C ^Jl Ji-o <^-aJ^jJI ^ \ ny ^j-o ^ycLlia-uaVI 
LjLLi I >U~1 (jJ (jjjJI (jj-lin-^JI pLijaJI (jl^ Lojjj .Ijjl < afl fi*i (jj _>~J 1 * i m t i > 

. - i J . *\ .". ^ " a 1 1 a_n_l l Jl i -v *J 1 . ~ I j . \ £j| L i *\ a \ j .1 1 iii a il i ^ (j ij’C i ,*Li Ijl < a 

^1 j J ir.l *»U .— . I .-til ^nJI non-beings oljjl^^LII Ij^t > <tia i. i^-aJI <as^L^^I 

du-i-aal Ijl j.j^~>l-w <XeLxa (Cj^^-aJI , ,Jk L^jS j-Ln. 'j ((joil^nJLj djjG 

(jl (jLS-al ^jJtj <Jaj-unJL IfjjLaJlJj LfJ I ’i-L l u . \~ m l (jL^-al 

jjj_> !jS j < J^jJLo J-IC. _>^.Vl I (} ‘i a (J^ J% ij <LlC.I^jJI CjLojI^^UI ^j-o < 4 l~lj> a (3^0^^ 

<_i^njHiaJI 4jj jLfijJI (_ > A^5j ^ j La (JjLi 5 j| (jjLiJ^jiJI ^ ~>.a II (ja-iJ> ^jLaj^U «Lalajl 
4_1_1 jJlII cJj-L-uJI JaLajl (_g\ <Li^jJI CjLIjI^^LII &j_A j-\l ^jl JLO^I ^>^1] 

-is c 

< ^-cJ)L_Ju_i ^lj t^tl jjlj _ < 1 1 . . .1 \ a II cjIp-I^-^VI j ^ * t .t < 4 * no ^-c jU 

<LlA t^ ill 4 a t ^ jJI ILt i^Jaaj 

■0 ^ 

.Gulliver J^jjlc. Lfj ^ i III J JLa-o 


Lo_4 j ( l V Jl l^fl I 0 ~i a (jljjl ‘LtJij . jvJjJI (_j.fi <J j-^~ a II jLalll ^Jl .~»aJ U~ ,\al 




ee 
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